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Art« L— >0/a Meclionical Methods of designing SMpe* 

Bodies. 

The experience derived from examining the pest history of 
philosophy, affords the best direction* to the coosideratKiii of 
Its futnie progress. While the principal ens in its different 

departments present the most interesting objects to those 
engaged in its iiivtstiL^^ation, a careful examination of the 
causes which led to them, and of their attendant circunibtauces, 
affords the most useful and iegicimate knowledge of the best 
means of attempting their futttre improvement* 

In tracing the history of the sciences through their different 
stages, we perceive at one time their l ajjid strides, at .mother 
their scarcely progressive steps, at anotlier their total inaction; 
«-«nd not unfrequently we are compelled to deplore their 
retrograde motion towards their previously confined limits* 
Oecasionally vre are astomshed in the eousideratioa of the 
loity nights of genius promising to attain the highest pinnacles 
of human power and knowledge, but whose continuance was 
too short to realize our hopes. Again, we see the less brilliant 
hut vahiable talents of the many^ who, if they made but sh>w 
advancement mto mitried patlis of kmnrledge^ were yet useliiUy 
employed hi making good the gromid already hastily possessed. 
Though ignorance and personal interests have sometimes pre- 
sented obstacles which produced temporary delays in the 
advancemmit of different sciences^ yet the mere mutability of 
these interests necessarily presented frequent openings for 
adnuicementi of wfaidi eombipathw of events the desire for 
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TmawMgfif natural to man^ took advantage again to cany 
forward the subject. Hie opposition of tlie enemies to the 

advancement of knowletlge is necessarily weak, by their prin- 
cipal engine of opposition being of a negative character, — the 
suppression of discussion. If they attack with argument, dis* 
cussion must ensue ; and the certain consequence must be, the 
increase of knowledge. 

Iti the examination of the causes of the frequent checks to 
the improvement of the sciences, we may perceive, that they 
have been frequently more retarded in their progress by the 
narrow views and selfish egotism of many of their votaries, than 
by the tgnorant or prejadioad opposers to their advancement. 
One of the most baneful means of impeding the progress of 
science has ever been, the too hasty endeavour to form theo- 
retical systems, founded either on false or partial views of the 
aubjeet. It Is no doubt highly gratifying, ]Niftaaalariy to little 
minds, to bo the founders of tystams which titey hope may 
perpetuate tfieir names ; but how few have done more than 
to have raised transitory monuments of their own ignorance or 
presumption. How often have these aspirants after fame, disr 
regarding the data which phikMopky may have aibrded at the 
time, fixed on some faivourfili hypothaciS| and awteavouiad la 
feund a system, by exerting themselifes in raodeHng it imposing 
lyj the beauty of its theory, and fascinating by tlie ingenuity of 
its detail. In many instances, hcU were either deuied or per^ 
verted ; an unregretted sacrifice to the idol of their tini^* 
•When Mm cyttenw have hncn formed fay men of geniuc, scianae 
has mflferad still more than from tha iMbler eflbrta of ofdinaiy 
minds, in the check given to its advancement, from the respect 
naturally paid to their works i which few were abie to rafple^ 
and fewer daitd to attempt. 

' Most departmants of philoaaphy hava, howavar, ranked 
kmongst Ihclrliotariaanan wkase getmis has anablad them* by 

opposing facts to hypotheses, effectually to refiite the false 
systems of their predecessors. FoHowin^a: the road pointed out 
by Lord JkMSon, Newton estabUshed his aystem of astronomy ; 
on the aame piinciplcB, modam cfaimuats haive bmmIc thai? 
Invalnabla discaaaviai: tha a|Mau1atwa ayalama of past agea 
have gradually ceased to be unduly vanerated,^ and our Admiraf 
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dm of bMnlifiil hypotli^Mt ha* tXgwiy ginn imf to im attache 
BWDt to the more certain but kss imposing process of eipflfi« 
mental induction. 

Naval Architecture kas aufi^sred more than most other 
smncea by tba arbitrary ayiteioa of <lMMt mieraatad in ila 
impToremciit, Maay^ wbo after • IMm ewniaalMii of 
subject, have been ovemrhelmed with its difitcvltr and extent, 
have frequetitly directed their attention to the unphilosopliical 
procedure, of forming systems of ciesigu on abstract mechanical 
priacqples. Diaragardii^ tfao fandaiaental prioeiplea of all 
looting bodiea^ and too hastily giving up aa hqpilaas, the 
attainment of a theory combining experiment with established 
scientific principle??, they have contented themselves with 
ingeniously inventing mechanical matboda of forming the 
dea^gna of shipa' bodiasjp whieb thoy did aol eatii fnotand 
to fwe bod any eoantiuon witk Iho pnofMftka of tiio 
madiint, neoesaary to ensure the qualitits e o e d o a it o to its 
intended use. For instance, — some invented methods of forming 
ships' bodies of arcs of eiccles ; otliers of ai'cs of ellipses, para- 
bolas, Qt of whatever cunro they might arbitrarily assuoae* 
Takiiig any one of these ciirvaa aa the prinaiflo of tiuir deaigii^ 
they investigated, with awthamatieal aceuraoy^ tho amna of 

completing the form of the ship's body in correct accordance 
with their assumption. They did not attempt to show that 
these curves poasessed any proper^ which wonld render a sMp 
a&ator sailer^ nmofe weatberlyiOroaafaaldf^liiaiiaMyociMr 
enrvea which might bayia been adopted tn the n onit w e t i on of 

tlie ship's body. 

Some of these methods have not, iiowcver, even the apparent 
advantage of the ingenioui ajpplication of matheroatienl hnon^ 
ledge to the formation of the ayatem f ior the tfnea repeasanting 
the diffeaent eeotaons are aonotimea Ibmed by area of^cMciesi 
which the inventors knew no means of connecting so as to form 
fair lines, except by reconciling sweeps or arbitrary curves, 
which the eye of the constructor was left at liberty to deter- 
mine. Thi% howeyer^ia no additional findt in tbiamaehanieal 
mode of designing ships* bodiea$ the tya if the oonatvudar 
may in many cases be preferable to the mote regular metiuMbi 

of cpjo|>i^un|; tihe iotm^ indeed, the det^mnn^n of thelbcm 
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of a bliip's body, altogether by the experienced eye of the 
practical builder, who has formed a kind of theory of his own, 
by observing the coinddence of dififerent fornns with certain 
qualities^ which the ships he has built -have been found to 
possess^ 18 far more reasonable— more philosophieaV than the 
depeiidance on regular curves, of the effect of which, in the 
formation of the design^ the constructor is wholly ignorant. 

In denominating any of the mechanical methods of forming 
bodies a design^ it is perhaps claiming too high a cha- 
raeter for this miphilosophical mode of constructioni By the 
scientific design of a machine, is generally understood the 
arrangement of its parts according to those principles on 
which its required properties depend. It is not allowable to 
speculate on the chance of any arbitrary assumption bdng 
conducive to its excellency, without knowing that it contains 
some principle, whose action tends to produce the desired effect. 

The advocates for the use of these mechanical methods of 
construction say, that while those who refuse to use them^ are 
left wholly to their judgment in the design of the forms of 
ships, they themselves have a system, which they apply to ship-' 
building, that renders the exertion of the judgment less neces- 
sary. This argument assumes an abstract excellency in the 
possession of a system, as if it were more than a general term, 
which depends wholly on the epithet connected with it to give 
it any value. In all departments of knowledge, systems have 
been abundant enough to teach us not to attach necessarily any 
excellency to them. Experience has shown, that had systems 
have been much more numerous than good ones, in ail ages 
and on aU subjects. It certiunly becomes absolutely necessary 
to prove the excellency of the system ; the mere existence of a 
system proving nothing fatourable to it. 

It is said in favour of these mechanical methods, that they 
aftbrd an easy method of rendering the ship's body fair, and 
that a symmetry is preserved by them in the successive sections 
of the body. This is probably the strongest argument which 
their advocates can advance in their favour. It is certilinly 
true, that many of them afford a ready and quick method of 
describing the sections of the fore and after bodies of a ship^ 
in relation to the midship section^ so tiiat their contour may 
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partake of its form diioiis^e the ship's laogch, gradwdfy 
dimmishing their likeness to the midship seetion as they 

approacli the extremities forward and abaft, till they end in 
the stem and stenipost. 

Whatever apparent facility Uiese methods may thus afford 
to the formatkm of ships' bodies, it must be admitted, that by 
this arbitrary determination of die form, it presents the judg- 
ment of the constructor being exercised in designing the fore 
and after parts of the body, according to such knowledge as 
he may be in poasesttOQ oi^ and excludes aU hope of improve 
nent* 

The adoption of any of these meehanical systems is directly 

opposed to the advantage, which na\al architecture might 
obtain from the experience of tiaval officers. Knowledge which 
they may have obtained by observation at sea, might be ren-* 
dered highly useful to the improvement of this science if sob* 
jected, in the ordinary way of philosophical inquiry, to the 
examination of the elements of the design ou which the observed 
qualities of the ship depend. 

Many of these mechanical systems are of such easy apf^ca- 
tioD, that the form of a ship may be determined on the mould 
lofi floor, even without drawings, in a few hours ^ and many of 
them are so simple, that persons possessing little or indeed no 
knowledge of naval architecture, may be taught them in as 
short a time. The invention of such systems is so easy, that, 
were it considered desirable to increase their number, persons 
with very little mechanical knowledge might invent almost any 
number of thenu Those already published appear, however, 
more than sufficient, as the time is now past for their use : 
most practical builders are acquainted with several of them^ 
but few cmisider them worthy of adoption. 

Scientific men despise, even more than practical men, these 
unscientific systems of construction : they consider all such 
mechanical systems as tmmmcls on science. M^hen treated 
merely as methods of fairing" bodies, they give them all the 
merit they can claim; and if they reject them in practice^ it is 
becauise they know them, to be altogether useless, and worse than 
useless, by substituting narrow-minded and arbitrary methods 
for legitimate scientific means of u^iiig such knuwied^e as tlie 
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ttftl» of ib0 «itiio» Mtt^ by til* iMlliifae4fifia^{iliB 
wtA ii9ll-#aBlh«itk»l«dl Ikcli.. 

These meolttuilca] Byttams constitute wiMt kmB hmm 4m»- 

minated the secrets of naval architectare. Mystpnes and 
secrets in science are now fast approaching their proper state 
of B0glM ind tf oti t wM ifiL PfaikMoph]r hm ttmm ^km iHh 
'wMtfj ami comini 9am imnlf tWr jac^pneiiC DuhaRiel^ 
/itk his *Mymmm de VArMUctwre Vodt^' tmmtk^ on tke 

"ose of these systems, page 315 s— **C«I methodes mc'chainques 
-ct serviies^ qiiiia ont mai'^-propot g^^ralis^ ont produit toute^i 
ces pretenduea regies de proportion, toutes ces methodes po«r 
-Ibmel* k' nai&e c4«plc^ pom rvdiihre les sntceSy pawr tr«eer les 
galwrisy 4tc., que chaqne consCrueteor tssvyolt' do eoiisemr a 
fia famiife. Quelle j^etitesse ! c 'est comme si iiii grand architecte 
TDuloit cacher ou faire mistere des proportions des ordres d' 
architecture. U /aiti mtre chose que ces meeiuutiqmi 
il favt ratonn^r siir €• Tdii faily et ponr raiaoiiiier eotuMr 
(yew meaty B iaut de la physique, des matlNniiatiques, il lant 
scavoir la m^chanique des solides et celle des fluides, et telle- 
ment combiner son object, qu'ou parvienne (en procurant a 
son vaiaseau one bomie quality 4 pas lui ca ocoMigiuMr 
une namise* ' 

Thtf following mechaiueel roelhods bave been pubUshed In 
different English and Fireneh works on nml areytecture. 
Bonic of them have been extensively practised, bnt most of 
them have gradually fallen into disuse. Some of these mecha- 
nical BMitbods are for forming the middnp sectkm; others for 
fotning^ from a given midship section^ tbe aaeeiioite aaetions 
forward and abafliu 

M. Bougucr, in his * Traiie du Navire, de la Comiruclion/ 
^c, gives four methods which have been used for describing 
the midsbip seoiions of ships. M« JBougimr observes^ that the 
nudshq) sectaonf are generally fomed of aree of chroles; bnt 
that sometimes, by their inventors not knowing^ tbat for ttso 
arcs of circles to touch wichout cutting each other, their centres 
must be in the straight line which passes through their point of 
contact, the midship section formed by these arcs have bad aen- 
siUe angles in their eontattr. He sbows oomot mcansof preWnt- 
iiiigthkenwinthaa«(^ianMalfonBatfon^thamid^ seetiona. 
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The firat method k$ it that of he Pere Fmirnler : — 

"^Aim hrnrn^ dtaim lh« ttraigte Wm (f%. ))> wlmk 
np iiii i i t i ikm leiif^ of ikm vnithip boam, h» deiciibit a «ireW 

RANB, which has this line for the diameter, and draws, at the 
middle of this line, a perpendicular CD, ec|ual to the depth 
iHtcadxi ta be given to the veattel, which extends from th# 
iMfar pifft btaoi i6lhe «pptr ii^ of fcba which ia. 
fiMt is the fciiniMiw tlw h^bto of luural Mehit^Qv^ 
llirough the point D, he dnwi » line GH parallel to AB^ and, 
making and DH each equal to half the Hat of tlie flooFi 
equal, if no deterQ)ix)fi^y to oue^foiiTth of the whole breadth, he 
inm9 the l&Ulo p«rp««dhiulAi« ot irertioftU Gfi and HF eaoh 
e^wl tP Ibf rimg of 410 floor. Tboao litDo perpoodloobro 
will bo oqoal to tho twtnty -fourth, eightoenth) or twotfth part 
of GH, &c. He then finds on GK, j)i oduced both ways, to K 
and the point M, whieh he takes for the centre of the arc 
of a eifijo NE, which touches the first cirolo in somo point N« 
and tbo otpaight iioo £^ in £» Tbon from a point takan aa 
a centre, he describes the arc EO, which touching tho stralghl 
line EF, or the arc NE in E, meets exactly the side of the keel 
in O. He has tims ANEO fur tlie foiin of iiaif (hesectiotl^AiUl 
forms the other side in the same manner." 

jBoigutr oh9crvp9"<^^ It it tn>6 tha^ this good father finds 
tho oamios M mtd 8 only by trial, hot nothing pravonts thoif 
being determined in o correct and certain manner. If £K is 
made ecjual to the radius CA of the first circle, or equal to halt 
the length of the beam, and having; joined the points K and C 
by tho atiaishl lino GK, IM be drawn from tho middle yoiot 
L perpondienlar to lt» tho intorsection of this perpendicnlar and 
Wi, wiU determine the eentre M of the arc NB. For, MC 
being equal to ^IK, and EK haviiig been made equal to AC 
or to NC, it is evident that MN will he equal to ME, and 
aoip cq nantly the arc of tho oircla doicribed from the point M 
aa a oeabroy and wluoh will pass through tho point will touch 
the fltst drole in N« With regard to tho other oentra, 8, it 

Will be quite as ea^y to (kterminc it : it is only to draw the 
straight line EO, and, from its middle point, to dra\v' a perpen- 
dicular which will met 10 produced downwards in the point S| 

whkh niil bo tho ooairo of tbo aifi £0* I km tho noihod 



Digitized by Google 



8 



On Mechanical Methods 



hf whieh the tmne mlbor ionnm the vpfMr ftat AQR, siim it 

does not appear that he would have often any inconvenience 
in the use of it. He describes AQ, by takinic tho point 1 as a' 
centre, and gives to QR a radius of the same leiigth." 

The second method given by M. jBoagiier does not difiiMr very 
materially from this of Le Pere Fouraier* Beth these mt t he i h 
were recommended for ships of the line, the form of whose 
bottoms is between that of frigates chiefly constructed for velo- 
city, and that of ships of burden principally constructed with 
regard to their lading. 

The third method is for determining the midship seotkms of 
iat^floored ships : it was invented by M. de Mmiy of Brest, 
who is highly eulogized by !M. Bouguer, for his successful exa- 
mination of the geometrical jjioperties of the curves; he recom- 
mends it to be introduced into the formation of ships' bodies, 
without, however, as M. Bougner observes, ascertaining their 
physieal or mechanical properties; although they are, as is 
evident, the only properties which can in leaBty have anything 
to do with the subject." 

Admitting the ingenuity of M. dc Pulmi as a geometrician, 
his particular attention to such investigations, certainly appears 
' to prove him but a very poor naval jjrchitect. 

*^ He forms a rectangle ABIL (Fig. 2), which has for its 
breadth the length of the beam, and for its height the depth 
of the hold. He determines at E and F, the extremities of the 
flat <tf the floor, GE and fIF, which give the rising; he then . 
forms a square (Fig« 3), whose sides are equal to LG or KB, 
and inscribes in it two quadrants of circles AQE and AXfi. He 
then divides the one arc AXE into a certain nnmber of eqoal 
parts, AV, VX, XY, YZ, &c., drawing from the points of 
division VO, XN, &c.j perpendicular to the radius AK ; he 
divides into the same number of equal parts the depth of the 
vessel (Fig. 2), firom the rising of the midship floor, and traas* 
ferring to level lines drawn through these last points of division 
O, N, &c., the parts OS, NR, MQ, &c., intercepted in Fig. 3 
between the radius AK and the arc of the circle AQE, it only 
reniaiiis to pass a curve ASRQPE through the extremities of all 
the perpendiculars or ordinates OS, NR, and the conloar 
of half the tot section is obtained* It is tnir that it ia iiacas-* 
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saiy to complete ED ; but Ihb cm be dode mmply with an arc 
of a mde, wfaicfa| toochtiig the fint carve at ^ joim tiie fMa 
nf 4be kael at D | and ie wtti be naaaobafy to do prodatly iha 
same for the other side.*' 

Tiie tourth method given by M. Bouguer^ is recommended 
for sharp ships. — Haviag formed^ as before^ the rectangie 
ABUi (Fig. 4}y dfcmserUnag the part of the ae«ti<m bek«r 
the nndsliip beaan the rtsiBg 0£ or HF of the midship 
floor is made equal to a fifth or sixth part of tlic flut of the 
floor GH. The points E and F being determined, two portions 
of parabolas AE and BF are drawn^' A being the vertex and 
AC the axis of the one^ and B the vertex and BC the axis of 
the other ; the. flat of the floor is formed by two arcs of cirelesy 
the convexity of the upper arc being below, and of the lou er 
arc above. Having drawn, from the point E, EK and EM 
perpendicularly respectively to AL and AC, he describes, from 
a oentre in AO produced indefinitely towards the semicircie 
MKN pawhig through the points K and M ; then AN wilt be 
the parameter of the parabola, which will serve to find as many 
points in the curve as may be desired. If it be re(|iiircd to find 
a point in the vertical line PQ, through which the curve will 
passy.it will be found by describing the semicircle NOP, and 
drawing from the point where the semicircle cuts AL^ the 
horizontal Kne OQ, the point Q the intersection of this line 
with PQ w ill l)c a point in the parabola, in tlit same manner, 
any number of points may be found. In order that the first are 
of the circie of which tlie fiat of the floor is formed may not 
make an angle with the parabola, it is necessary that its cantre 
may- be situeited in some point S of tiie perpendieokr to the 
parabola ER. To »iraw this perpendicular, it is only necessary, 
as all geometricians know^ to make the sub-uormai equal to 
half the parameter AN/' 

These methods are suffieieat to show the nature of the 
mfchanical systems of drawmg the midship sections of ships. 
Jf their authuis had shown us, that such methods would give the 
ships any particular quality, — even if they had shown a proba- 
bility of excellency, which might have ever so little dependance 
on the prescribed proeeas, we might have respected their 
exertioiis in. the. cause of soieoee. By reoommcnding one 
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wthidfpr diif»wilb lit thuiii^' smllMr liftr vwy 
rklng ioors^ and Mother for ships with Iborf of an htftnM^ 
diate degree of fulness, it might lead to the supposition that 
there was^ in each of these methods^ a peculiar adaptation for 
ikmm wiyetwre fonm ; but even thia it tM tme la My gieat 
difm t for^ With viry tcHBog iniiiiiiticany ••oa of Ihm 
futkod» may 1m apfilie^ wkh eq«al wwmum lo tha formatian of 
midship sections of the opposite character to that abi>igiied to 
Uienu. It loaj be admitted, . Uiat tha auUior of aay of theaa 
plans, who9e methods wiU cavrectly jois the diflbrent htt9^ ii 
taritiadlaraMttla lughoB WMidaratiMiy ai a gaometrifliaii, thte 
anothtr ^ whoie ignomiee of geometry obliges him to jds Um 
arcs hy reconciling sweeps ; yet it gives him no liigher claim to 
consideration as a naval architect. 

When a midship secCiaii is daterminad either by any of the 
mathameal melhoda^ or by aay matte ieieattfia method of 
diesign, with the lei^ftli ef the ship^ and the mke of the tlem 
and sternpost, it becomeb ueceb^icuy to form the fore and after 
parts of the body. 

We will proceed to give some of the mechanical systems of 
(btmiiig the leatiosis of the Idre-aad after bodiee ef ah^« Thie 
operation affimk a frealer ecope fo^ ingeimity. than Che ibrma* 
tion of the midship sections of ships, and consequently the 
methods pro}K)sed have been much more numerous. 

The principal lines used in the construction oi ships' bodies^ 
aee the mmu breadth Unes^ the top breadth linet^ and the wm§ 
aodhreadih liiiea0f the floors, IWe tinei aiie ahoini m two 
phmes, a longitadinal Tertkal pbne, and a longitudinal hori* 
zontal plane. The rising of the main breadth line shows the 
|Nr^|ection on the iongitudiuai vertical plane of the heights 
$k&m the oppertide of the hod of the greateit beaodftha ef the 
different vertical sections fore and aft ; and the honaonlal maift 
bteadth Ime shows the eorresponding dittanoes fiom the middle 
line of the ship at the respective sections. The rising of the 
top breadth line^ and the horizontal top breailth line, show in 
the tome nanaer the heights from the upper side of the keel^ 
Md the heriaOBtal dhOaneoi from the aaUdle lino of the ship^ of 
the diffsrent «srtml seetioaa at the top faneadths of the timbem* 
M these heights and a( these di^tauccb iVom the uiiddle hanj 
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ares of circles are generaUj described, whkh gtre the fdrm of 

fiilliS liiM of ^ floors gives, in Oie-iMio aisniiri tlm Wj^lHi 
MmHto tli« upper tide of the keel ; and the horizontal breadth 
line of the floors gives the distancet from the middle Une^ al 
which the floor sweeps commence. 

Om ci Um M^mUhodB^ii fomti^ « ahip's body, it dnl 
whioh k oallod whole-«iotildiiig/' I( wa« fonnerly amh ia 
use ; but as the knowledge of the seience has improved, it has 
gradually sunk into deserved neglect. It is in the present day 
floarcely used, except for ships' long boats, which in some yards 
are still built by it« It will, no doubt, shortly fail intacomplete 
Stmt, bo only kami « » natter of curiosily in Iho 
history of oonstructioii* 

Whole-moulding is a method of constructing the srjuare 
body,-— 'that is, all the body except tiie foraand after extremities 
of s Tcssel, where the planes of the frmoMs mm plaeod obliqiMily 
to ^ middlo line, by niMU of tiro nwNiids; th» upfw ono 
giving the fom of iho timbm above the rising line, and tlio 
lower one (ealied tlic " floor hollow") giving the form of the 
timbers from the rising line to the keel. 

The midship section is first formed, usually by aroa of circles f 
ftnd at the hoiglMi of tha rising line in this seotio% a horiMntal 
ta&Hcttf is dfnwn to tMs com* In otdcr that tl» tangent of 
this curve may be horisontal, the centre of the arc forming the 
lower part of thib curve, must be in a vei tical line passing 
through the point from which the tangent is drawn. Tho 
lower jmrt is fotmedby a if whiafcgeconclks with tho npp si 
enrve. Usually this swetp doos not oometly tovali the nppot 
eurve, although tho Inacmraey is not very important in this 
method of c oustruction. In forming the body plan, the heights 
of the main breadth and rising line, at the diiferent frames, are 
■it nfff and the dffieiant seotkmB drawn by the two moulds. 
On tha faorkontal part of tba upper mould ABC (Fig« 5)^ mm 
Mtked die lifllf main bftadtbs of the difieront seetione, as 

shown at C ; and on the upper part of the mould, their heights, 
as at A ; the lower mouid, DEF, is also marked where it meets 
the aide of the keel at the diffetent sections. 
In MoridinB nnjr timbei^ n s^utte^ ealied the ima$ a^m, 
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with the heights of the different risings of the timbers marked, 
on it, is used, by which the moulds are set according to the 
partievlar timber, the form of which it is intended to obtain*. 
On this square are also frequently marked the heights of the 

cutting; down, by which the form of the inside of the timber is 
obtained at the same time. The operation of moulding a tim- 
ber may be best seen by reference to Fig. 5^ where the moulds 
and rising square are set for moulding the lower iuttocky 
No. 8. I 
In Duhamel's ^Elemens de I'Architecture Navale,* there is a 
French method nearly resembling this method of whole* 
moulding. 

In Mungo Murray's Treatise on Ship-building, a metjipd is 
given for forming a ship's body by the use of the sector. Tins 
instrument is formed of two scales^ connected by a hinge^ 

which open and shut like a common rule. Seven lines are 
drawn on each leg of the sector from its centre^ divided at 
numerous points, indicating lengths . which refer to different 
elements of the body. The marks on the correspcmciing lines 
on the two legs of the sector refer to the same distances. The 
lines on one side of the sector are divided for the fore body, 
and tlie other for the after body. 

The manner of using these lines is thus described : — The, 
general dimensions being determined, and a scale adapted to 
the draught, take the half breadth with a pair of compasses, 
and, placing one foot in the proper point for the half breadth 
of the midship section, which is shown on one of the hues,, 
open the sector till the other foot reaches to the same point itt 
the corresponding line on the other leg." . . , 

The sector being thus set, the different distances are taken< 
by the compasses from tlic corresponding points marked ou 
the corresponding lines, and set off in the different plans. 

it is immediately evident, that, by the use of the sector as. 
described, all ships constructed by it would be similar. to th«t| 
•ecordihg to which the distances were marked on diese lines. 
If it is required to form a fuller or sharper body than that by 
which the lines of the sector were divided, the midship section, 
with the foremost and aftermost sections, must be determined 
agreeably to the will of the constructor, and the intermediate 
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Mctioiis iHIl he ftetermined on the dia^nals by aetting the 

sector separately for cacli diagDiial, and bv then taking the dis- 
tances from the lines, as before, for the formation of the 
different plans in the drawing. 

' The next method of oonstntcting ships' bodies which we 
shall jg^ve, may be foiind in the TVaiUidu Namre, by Bouguer s 
the diagonals in this method are formed of ares of eHipses.* 

The midship section is formed at will, and the extreme sections 
fonvard and abaft are formed in an arbitrary relation to the 
midship section. To form the after body by thi*^ method, let 
ABC (Fig. 6) represent tKe midship section, and F£D the after 
section, and BE the projection of one of the diagonals. Describe 
the arc of a circle BA (Fig, 7), whose radius is three times the 
line BE (Fig. 6), and whose versed sine BC is ecjual to BE. 
Divide the sine AC into any number of equal parts, according 
to the number of intermediate timbers it is intended to draw. 
From these points of division draw the lines Dl, £K, &c., per- 
pendicular to AC, and, from tfie points where these tines inter* 
sect the arc of the circle, draw 15, K4, &:c., parallel to AC. 
Transfer the line BC, so divided at 1,2, &c., to BE in Fig. 6, 
which will give 'points in which the intermediate sections will 
cut the diagonal BE. The other diagonals are divided simi- 
My, by taking any point O in AC produced, and joining OB, 
O 1, &c., and placing the projection of any diagonal as PQ pa- 
rallel to l\C, and with its extreme points in OB and OC. Some 
constructors prefer dividing each diagonal separately, by 
describing arcs of circles BA, with different radii: others, 
mstead of dividing the sine AC into equal parts, divide the arc* 
AB Into equal parts, and then proceed as before. 

The fore body is formed by nearly the same means, but is 
always made fuller than the after body. Let A 6c (Fig, 6) 
represent the midship section, and Aed the extreme section 
forward ; produce the projection of the diagonal 6 to meet 
the middle line of the body plan in Describe the quadrant 
of a circle BA (Fig, 8), with a radius equal to/Z» (Fig. 6), and 
draw the sine DC e(|ual to / e and parallel to FB. From a 
point E in FA produced, describe an arc of a circle, with a 
radius equal to once and a half or twice FB, according as it is 
intended to make the fore body fuller or sharper, meeting CD 
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frtdnMid in O. I>ivide the aro FG into as many equal pitftt 
as it is required to find spots, on the diagonal be, for the inter*' 
mediate sections ; and from the poiats of division, H, I, S^Cmg 
draw HM, [N, Sec, parallel to BF } and <baw PI, O 2, ^ 
paralld to FA. Then trMiafer BF» ao divided at Ij 2, to 
kfin the body plan, wliidi will ghre pointe in whicb the inter* 
mediate bectious will cut the diagonal h f. Instead of dividing^ 
the arc FG into equal parts, some constructort* divide the sine 
DG into equal parts, and, by drawing lines parallel to FD from 
theae poiott of dinaion> detemme the polnta o| difmon of Ihn 
uc FQy and then proceed ae before. Inateed of making i^nsUftr 
figures for other diagonaU^ they are frequently divided propor^ 

tjoiially to J h, 

M. l^ouguer then proceeds to show the method of coiOpletiag 
the diagonala before and bMi the eaUreoBie seetioOe. 

One of the eetSest methoda of eomtmeltiig ehipe' bodiee le 
by means of en eqiulateral triangle, whkh is detOTibed fay IHi 

liamel, in his ^ Elemens de I* Architecture Navale.' To con- 
struct the triangle for the after body, draw anv line Al\ (Kig. 
9), and divide it at the points 1, 2> 3, &e., so that the distance 
from 1 to 2 may be three timee the distence A 1 taken at plea* 
ann^ the dietaaoe from 2 to 3 five times A 1, and so ^ml itm 
immber of points of divieton corresponding to the nmnfoer of 
intermediate sections between the midship section and the 
sternpost, together with tiie after section at the sternpost. 
Suppose the number of intermediate seetions to be eeven ; lel^ 
the distaoee from 7 to B be at leaat equal to the dietaneo 
be tw ee n the vertteal sections on the plen ofelevntSon. Deoeribe 
on AB the equilateral triangle ABC; and join 01, C2, 03, 
&c. The use of this triane^le is to divide the projection of the ' 
diagonals in the body plan, proportiouaUy (o the divisioas of 
the base of the triangle AB. 

In the plan of ^devation^ or sheer plaa^ tekn die diateneo 
between any two of the vertical seetions, and place the lino 
representing this distance, DE, parallel to AB, and so that its 
extremities may be in the lines C 7 and C 3. Produce D ^ to 



t This figure te not Aowa b«re, as ll is osnridtfii v«iccsisaf)r e» 
douri|iiiiLeriia»ewM. 
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F» and take hartzonUl disUoce from the intersection of 

lit projMtum <tf 4m dingmud wiih tb« wtml B«0lioti» 7, ta 
wlitre Ibe piN»j«etNp|i of lh« fUagODal me«t» tliQ ptf^wtioii of 
the after faahion plete | m4 plice this dwtwiee DG on DH| 

keeping one of it& extremities inD : then join CG, ai\d produce 
it to meet the ba^e produced in H. Take the projfiQtiaa 
of Ibii diagonal in th^ bgdy pUm, IK (Fig. 10), from the wSiA^ 
iUp it rtion I4M to the fiiahtao pirco NKO» mid placo it in 
Ao triangle parajlol to tho base AB» and with its axtremitiea 
% and in CA and CH ; the lines C I, C 2, ( 3, 8^,, will divide 
the line i ^ proportionally to the divisions of the base of tho 
triangle AB. Transfer this line, so divided^ to ilt plaoe la tho 
body plo^s thi p«lota )^ 2, 3^ wiU givo apota thmgh 
which the intermediiito vortioal teotloiia will passt 

Some who have vised this method of forming bhips' bodies, 
placed the projections of ail the diagonals parallel to the baso 
of the triangla f othom pla^ titem at different angles witli tho 
^laop Ptt Hanml itaomweodji thtir brnx^g placed «• foUowa » 
the projection of tha lowor diogooal, reprea^sting the floor 
ribband, parallel to the base; the projection of the second 
diagonal at an angle of 62°30'., with the part of the side of 
the triangle above the projection of the diagonal ; the third at 

an oaiglo of lis? I the fourth at on oagle of 86? | tho fifth at an 
angle of 6jl? |.«iid the projection of the aixtliy or top breadth 
Hbhandy at an angle of 60?» 

To construct the fore body, a nearly similar process it 
i|dopted> but the base of tiie triaugle is di^rently divided,-^ 
ganerally in a geometrieal progreaaioOf whoae common malti^ 
ptier ia 2» The divtaiona of the baaea of the tnaogleSf however^ 
aie altogether arbitrary, as well aa the anglet of iodiiiatioo, 
at which the projections of the diagoi^aU are pUu^d^ boUi 
the fore and after bodies. 

ThiM m iOBO of the Mat aatotmed vieehanical metboda 
ef ^onetmciiiig tho aaidaliip aeetioni of ibipe> end the fore and 
after bodiea in relation to them. The inspection of them 

clearly shows^ tliat these methods are altogether arbitrary, and 

that there is no attempt to describe any form which is proved 
In peaiess Buy property condnsive to the giK>d qualitief^ of % 
•Ufb la foigHng A snidaUp Mtion by «m 9f oj^^ 
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been mkI^ that this figure ha9 been chosen beeauBe a cirde 

contains the greatest area under the least periphery. Sup- 
posing even that this piinciple were introduced into the form 
of a midflhip aection^ which is however frequency destroyed 
by ihe use of ^£oera2 arcs of ctrcks, yet it by no meaiift eata^ 
bKshes the propriety of using the arc8 of cireles in the con- 
struction of the form of a midship aeclion ; because it w ould 
first be necessary to show, that it would be a good property for 
a midship section to contain the greatest area under the least 
periphery. In fact, the principles of ship«building require a 
contrary prac^e : a flatness is requisite in some parts of tbia 
section instead of rotundity, to give lateral resistance, great 
stability under a given area, and fine water-lines. The use of 
the ellipse or parabola is equally arbitrary* 
■ Of the four metliods of conatroeting the bodies of ships 
which have been described, little appears capable of being saM 
in their faroor Hind indeed litde appears necesbary to be said 
against them, as tliey evidently appear to be totally devoid ot 
any claims to excellence, by the total absence of all attempts 
in them to apply such principles as are known by experience to 
affect the qualities of ships* Wliole-moulding is an unskilful 
method of making the consecudve seettons partake of the form 
of those preceding, by preserving the curve of the midship sec- 
tion throughout the body, only placini^ the greatest curvature 
at different heights, it requires the breadth of the ship at the 
siirfieice of the water to decrease forward and abaft, firom the 
midship section, as much as the breadth is diminished below / 
so that the mere operation of forming tiie lower part of the* 
body so as to make the lower water-lines fine, necessarily pre- 
vents the fuhiess at the surface of the water being retained as 
far forward and aft as a due attention to the stability of the 
ship may require, its inapplicability at the extremities of 
the ship, is also an- error in its mechanical adaptation to prac« 
tice. The second method deseribed, constructing ships' bodies' 
by the lines of the sector, is ina})ijlicahle to general use, because 
all ships constructed by it would be similar to that according to 
whidi the lines of the sector were divided, without very coi^ 
slderable difficulty in its alteration f* while the principles iji 
abip-bnUdiiig reqniit great dlffe^caoe - betieecii : ike -relative 
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proportions of large and nmkW slnps : betides the necessity of 

adapting the form of the ship to the particular service for 
which it was designed. At least, this method would require as 
many sectofs coDStntcted as there are classes of ships differing 
. in siape and service. The third method described for diridhig 
the diagonals by the oonstnietion of the Figures 5, 6, and 7 9 
is such a complication of arbitrary operations, and requires 
also the construction of the foremost and aftermost sections, 
that it has not even the claim of simplicity and easy applica- 
tion to practice. The last method described, divi<fing^ the 
diagonals by means of triangles, is <<ertainly capable of being 
readily understood and casiU' appliefi ; aiui if an\' reason could 
be assigned why such a division of the diagonals would produce 
any good qualities in the ships constructed by this method, its 
lacifity of application muld render it usefiiL But this is the 
fimdamental error of all mechanical methods of constroetiony 
—that they not only prevent every legitimate attempt at 
improvement, but they prevent the use of such knowledi^e as 
has already been obtained in the science, by the application of 
wett«estafolished principles and valuable exj^rience* 
. In some of the meehanica! metiiods of construction, two 
sections, called balance sections, were introduced, at the middle . 
points between the midship section and the stem and sternpost. 
They were denominated balance sections, from their being 
supposed to balance the capacity of the fore arid after bodies, 
by having the same breadths at certain hnghts j the reason 
given by Duhamel for their use, is, that by their means the 
centre of gravity of the part of the displacement contained 
between them might be near the midship section : an incorrect 
method of obtaining not merely an unnecessary, but an im* 
proper adjustment of a ship's body. 

. The parabolic system of construction, described in Vol. I., 

Art. XV^FIl., invented by Chapman, must be classed among the 
mechanical modes of forming ships' bodies, of which it 
appears to be by far the most ingenious* Happily, however^ 
for the fame of this great ihafti, has character as a naval 
architect does not rest on this invention ; his original and 
extensive views of tl\c science of naval architecture^ liis persse- 

veriug d^otion to its interests, and his great experience, rank 

c 
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him among the greatest navat ai^ehttectSy if not Ml, tintr 
ever lived. It is remaikable, that there is scarcely any prin^ 
ciple known in thii science, which has not in some way been 
aUudad to in tits works. Fully MBsUile of the importance of 
mdiettatut to fiifttl attthitaotuft^ ke fsofutaiUly npt^^ tkmm 
to Ht investtgation ; but, horn hia Innittd tei|«BtMflliOO wMi 
them, the subject did not always obtain that ad^antagd frm 
bi» labours, which his other attainments promised. 

His desire to combine his extensive experinieiitai knowledge 
with roaUiemalioal iHrntigatm^^ to form a iystem of 
ganaiml appiicabiUty Co tlia deftign of ahlpsy tsflueiioed faim ii^ 
Ids formation of the parabolic system of oonttrvotioil* 

His system is founded on an analogy, which he says obtaint 
very generally in the forms of ships, — that their different lines 
eonform very nearly to tbe emrves of parabolas. On Mm Im 
pfoeooda imfD^dialioly to Cmm hia inothod of co mim ctioiiy 
fi^iah la to* giva to' tha principal aaettons of » ahtp (the midthip 
section, load'V/ater section, &c.) the form of a parabola, 
depending on the fulness of the ship for the order of the curve. 
Now if it had been ascertaiued* by an extensive experience^ that 
the linea of g9od slnps ware mnrly coincidfliit with the iiMrm of 
a paiahobp And thai the liiiea of M ahipe either diBv^^ 
tlda curve in propeitkm -to their defeetti; or Weae gen eraWy «f 
other forms, it would at least be a valuable fact; but, us bad as 
well as good ships equally partake of the form of this very 
general carve, it certainly adds nothing ufe6d to oiir aoqiieint'* 
anee wit4i. the aeience of oevnt aiehiteettinu ' Aa a'nifre iyttem^ 
it ahaeUes the eonfttroetof a tlwugh, fnem the eitcnsivn- w4ity 
the different orders of this curve admit, it confines his views 
less than many oLlier of the mechanical s\ ste!ns. It leaves the 
principal elements of design free U>r the constructor s conaidot 
mtleit; but it determine* many of-ihoappamtly miaor elementa 
of the decJign, wh>eh» io faot» g wse tly Atit liw ehip'e geniml 
excellency.' In eomaion with id! mechanieal eyitete of ieo»* 
htruction, its inv^tigations relate merely to the geometrical 
properties of the curve, while its physical properties are alto-* 
gether negkcUad. : Denying its pretenaioRs to an toipiioweinenl 
in the eonatnietion of ahipa» and «iD4a—i leg it -ae uatio w taig 
(be innBitimtiwi Hit tPittie df an«l airihilMta% it my 
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•ffprding » nMthod of tttiiiurting the rdUtivtt fiilneM of a ^up 

technically. By this method uf estimating the form or a sh\[i\ 
hiidy, scientific confitr^jg^A nmy form A (olerabiy correal etiti- 
mate pf ^# wki^re Ml^ess of pfU|cip4 9m^on$ of n ship 
tlM «ir9aB0i»|ff of Aa^WHwit iiiimit lo tkMit qright affofii 
1^ k»d pf (Mhiiiaal language^ in wliicli naval arohiteott mighl 
speak on the farms of ships. It might give to a. person nnae» 
quaiated with the system, ^i^se notion of the knowledge of those 
wbi»a|Hi|La(af midffbip aections, load-wMraMli9ili,lMkt Mtordt 

19 nvMil »iaWltettiitt^«hieli it dirpHly o pp t ic d t» thi^ to com* 

mon with all depaftments of science. 

It is well for naval architects to be acquainted with all which 
has be^ii writt^ tha &ubjecty evaa ii it be but to know that 

lhmi0 li^la pT iipthiBg nmM ut » gwat part of Ui syahwiUbt 

tba i»Mitt-pfan^ji«ittfaia|woQfth»aw 

•tfuation- With our present degree of knowMgaof this stnanea, 

buch systems can never again come into extensive practice. 

if 4U the principles of naval architecture were developed, 
and if correct methods of calculating and eouibining their 
tmnMihWm eapMe 9f Mag rt tfu k udj , Md^pr^i^diuMi^r all 
cirmmtlawrat of daMgn, a syMni sniglit ha fenptfl fer general 
practice in the construction of ships. This has been said by 
an eminent foreign writer on the subject, and, as an abstract 
|Mnn>r*iiti"% is evident to all : it )vould be the possession of a 
gipm) tnf^milm tnH^ ^ Mug applied to • problem under 
nU 9H^ttnisUA(Baa. U itnol tte Intth of propoMtioii which 
is danied ; k ts tha impossibility of practitBidly aacomplishing 
this object, which is insisted on. Even if It were possible to 
form a system combining aU our present knowledge of the sub-r 
jaa^ mtf luither d^elopm^ of fcb# laws of oatyra whi«h 
gflfm dM BPliMH of Mp§ wovid mnder it iaaovpiol^ i»d 
•oBfloqufBtlf Hatraa in fmtiaa, BiA a montiitiffy i^iuioo M 
the immensity of the subject represses the hope of svfih an 
object being attainable. Must we conclude, then,. that it i$ 
igiry'aify ^ tba extent, of Iheaulyect which leads men to form 
tfcm^iMMMd ^riMHity laaah^iikai typiMAof constrnf^tiiw? 
h iMNi mmr ft m 9^$^ JMjrv p«Hiapfr be amnVf tPt 

c2 
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The question then arises, what is the proper method of con- 
ducting the design of a ship ? Common sense and a just view 
of philosophy teach us, that every machine should, as far as 
our knowledge of the nifojeet enables ns^ be given siteh proper* 
tics as will adapt it to its partieillar smice ; and that sach 
properties are to he sought for by the application of estabfished 
priiicijiles of science to its eonstriiction. The prineipal qualities 
wiiich a ship of war should possess are,— 'that it should stow ail 
the necessary stores and fumltwrey carry its guns at a si^B^mt 
height above the water to be used in all ciicumstaneeii in wineh 
they may be required, sail fast, beat well to windward, anstver 
the hehn readily, and work easily at sea. The particular 
service iu which the ship is to be generally employed, with the 
nature of the seas in whioh it will be gcnmlly navigated, must 
of course influence the relative qualities of the design. The 
magnitude, relative dimensions^ md form, are dMeimfRed by 
the constructor in relation to these qualities. The different 
elements of the design which affect these qualities, should be 
compared with the corresponding elements of ships of the 
same class, of which the behaviour under dUkmt dreum- 
stances at sea Has been careloUy observed. 

It may be safely affirmed, that our present state of know- 
ledge of naval architecture, at least enables us to attribute to 
the different elements of the. design, the effeots they produce on 
most of the prineipal qualities of a ship. According as the 
ships' which ate examined, tn-oider to Ibrm tlie data for com— 
parison with the intended design, have been found to possess 
good or bad qualities, so must the elements of the design be 
determined in relation to them : where any quality has been 
deficient, those elements on which it depends must be in- 
creased ; and where any quality lias been (bund too gfeat, the 
elements on which it depends must of conrse* be diminished. 
Such necessary alterations can be correctly aseertaiiied by cal- 
culation founded on mathematical principles, f&r most of the 
qualities of a ship $ that they cannot for all, is ^certainly to be 
lamented :'bot it woukl be ab«ird in a constraetor to pretend 
to a degree of knowledge whioh is certainly not pesiswed at 
present. It is impossible for a constructor to design a sliip 
under any data w^fih.sbali saii with the ^atest possible velo- 
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city; but it is certain that he can design a ship which shall 
possess any degree of stability thai may be required. There 
are but few qyaUtk% winch cmiot be gif«n by a consMelor to 
a ahip. in .aay. d^jiee lequiredj and tfa«re ate- no qualities 
possessed by any ship, which have been carefully observed, and 
whose diiiieiisions and form are known, and consequently whose 
elements can be strictly calculated^ which cauaot be transferred^ 
wilh such a degiee of piabability as to tmomt almost to eer^ 
taipty, to another ship. There can jbe nothing remailMble hi 
the design of e ship, whioh may not be discot^sred by careftiliy 
aoaiysing its elements , by which its qualities may always be 
attributed to certain and known causes. 

When a constructor has determined the difieitnt elements 
of his design^ be makes a drawing as nearly as he can^ agree- 
ably to them ; the eleanents are then caloulated^ and the cKmen* 
&iuiib or fuiin altered li uccessary^ till .the intended results; are 
obtained. 

In making the first, rough drmu^t of the design of a ship» the 
principal dimensions and place of the midship section are first 
assmned aceording to .the knowledge and judgment of the 

constructor. The midship section, with two or three sections 
forward and abaft^ the load -water section, with two or three 
horizontal sections below it, and the heights and half breadths 
of .the main breadth and top breadth Unes, are then drawn by 
hand, and some approximate calculations made, to find whether 

tlie draught is generally in accordance with the intentions of 
the constructor, as to the principal elements of the design ; 
such as its displacement, the |iosition of its centre of gravity, 
and the stability. Th^ nec^mary alterations are then nmde, 
and a more complete draught f<mned, which is. subjected to a 
stricter examination of its elements, which are correctly calcu- 
lated, and compared with the calculated elements of other 
shtpS| in re&rence to their known qualities. A draught of the 
ma^ts, yards, and sail^, should then be made, in relation to the 
dimensions and form of the ship, which should be compared in 
this as well as in all other respects, with the designs of ships of 
approved character. 

All the knowledge and experience of the constructor are, by 
these means^ brought into practice in the design of the ship. 
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22 On Mechanmal MeiMs qf dkiigning Ships* Bodies* 

The whole ut this process is conducted on known pritlciples of 
•6i€nceyEnd all rUdulls M ««il94iet«d td the sttfe test eonl- 
jlattoiij There k fid pM^iiii^ft to mm kiMwMie^ ti» jntf- 
tliHtliir cum lfit#ddtt«ed Hito tht system mbltmrlly, without 

knowing anything of ita physical properties. Every thing in 
the design of a ship should be determined in reference to past 
ixperience, und on ifitsUigible scieAtific piitielples. 

If it It imimI^ thflt good ships h^f^ wmetlintw b«en hiult by 
stieh empirioftl UMSihods eonstnidtion m hav« h^n dfescHbiH], 

it is admitted, that by chance they have but by chance, also, 
have many very bad ones been constructed by the same 
methods. Because the science of naval archlteeture k not 
yet mofe fttUy knawhf ihmild we tber^ore negleet the Advan* 
viigM wMeh the pHtibiplei that «te knbwti eflbrd iis ^ 

Should we not rather duly appreciate what is known, apply 
Stich knoAvIcfigc, as far as it is fairly proved, to the con- 
struction of our ships, and, by the same means as have been 
itteeessliil in Advancing ^thef teieiu^ seek for the inipfdve- 
umt of MiMd arehtieecnre ? 

It may however he confidently asserted, that this science is 
sufficiently understood in this country to enable us to build, 
with certainty, ships possessing all the essential qualities of 
ettfety and geiietal elllcieney. Qiealer eiMUeoey in the science 
lyf fia?al anhiteetwe ean be expected to be attainedj only 
in the extendon of our knowled^ by an experienee of the 

qualities and elements of ships already built, and by a legitimate 
.application of mathematical science to the subject. Such a 
mode of tieattnent, we doubt not, will be as successful in naval 
afeUleeCiste «• it has been in other seiencesi if the improve* 
mcdt be slow^ It will be only On aeeouat of the otteni and 

difficulty of the subject* The knowledge of this science has 
certainly greatly increased in this country, within the last 
twenly years} and we have every reason to believe that its 
pfogteia will be accelerated. We trust that, shonld another 
war taike plaeei BritMi ships will bo bailt ftom British designs, 
and will be found worthy of bdng maoned by British sailors. 



I 
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Art. Ur^A Method qf cmmeHng the JFWime Timbers ^ 
Shipg; togMer %rith u Mede qf forming Deeke* Sjf Mft, 

ExcBLLBNCE in ship-^biiildiBg priittipftlly miifta mmk»f 
» aliip fitfong, light, ml dmUe* Thate qutlUtw m wmpm- 

tible one with another. Strength cumbined with lightness, is 
favourable to durabilitv ; and strength, in a ship, depends luiich 
more ou the manner of disposing and connectiag^ Uma on tins 
quantity ol Uw materiak of which tha h«U is mapoiicL 
' It it of ptUntay importaim that Mpm •fasnild.ba titfficMntly 
strong to answtr the purpose^ibr whit h they m dM%nod | and 
it is })i()per they .should liave an excess of strength, rather than 
a deficiency. It should still be considered, that the greater the 
quantity of timber, iroii| and other articles, actually made aia 
of in boilding shtfM, the. greater moel be Ikeir oti^nal oiiBt» 
the greater mlift be the elqiense of keeping them hi fapair^ 
and the more unsuitable must they be found for active service 
at sea. 

. Our ships of the line, as at present built, are, it is presumedf 
soAeienily strong. That they are abo as light as itiap«stUe 
to make tfaeoii wilhout • eierifiee either of stieogth or of 
durability, is not eonsideied equally eertatn. The ohjeet of the 

writer is to endeavour to shon', that ships of war, of the larger 
classes, might be rendered us strong as they usually are^ with a 
much smaller quantity of materials. 

The frame timben of ships afibrd that sHeqglh to their 
lidei, by which they easUun the dkete of the lettng minkm at 
sea. The^e timbers are utrited in sepaTale ietsf or frames, by 
nuums of bolts, and by a coak in each abutment. The strength 
of a ship depends, in soiue measure, on that of the ^onne^uou 
of the frame ttmbcis one with another. 
' When a ehip is much heeledi hy the powetf of the wind on 
liie sails, the ^orts of the hueUnlng foce^ and of the.weights 
on board, have a tendency to diminish the curvature of the 
vertical transverse sections of the lee-side, and to increase the 

curvatura of those of the weather*sidfl» Tiijs straining of the 
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sides is similar to that which is experienced by a beam, sup- 
ported near the middies and austaining weights towards its ends* 
The baoyaiicy of the water may be considered as the fulcrum, 
•eting at the centre of gravity of the displacement; the force 
of the wind on tlie sails acts on one side of the ftilenim, and 
the whole weight of the ship, supposed to be collected at its 
centre ot gravity, acts on the other side. 

A beam conpoeed of three or four pieces of timber wonUf* 
if its parts were comiected as frame timbers, be much weaker 
Hian if they were nnited in dose contact, and ooaked together 
in the usual way. And'in the same manner, the sides of a bhip 
would be much more capable of sustaining the violent efforts of 
rolling, if the timbers of each frame were united as securely as 
tiM parts of abeam, lliat the frame timbers have always been 
found to work, more or less, is proved by the fact, that timber 
or planking has invariably been placed on the insides of ships, 
to confine the abutments of the tiaibers. 

Were the frame timbers of ships to be united in the same 
maaner as the parts of a benn, (those of each frame bein|^ 
conked togiether, and the upper end of each timber being fitted 
vnth a bill Into the lower end of the timber above, the bill being 
square to the side of the timber,) there would be so small a 
degree of this kind of working of the buts of the timbers, even 
in the most trying ciremnstanees in which a ship can be placed^ 
that it would cease to be an evil, and the timber or planking 
hi^rto employed in the holds of ships to confine the abut-- 
^ ments, would \m rendered unnecessary. 

By connecting the frame timbers in this manner, the 
spaces would be twice as large, but only half as many in 
number, as they now are, if the dimensions of the timbers 
shoidd remun unaltered. And as the durability of the frame 
timbers is probably in some measure dependant on their 
arrangement, it is proper to cuiisider whether they would be 
more obnoxious to decay if those of each frame were joined in 
close contact, as has just been supposed. It may first be men- 
tioned, that many, of those timbers, in ships of the line, are 
either contiguous or so near each other that tiieie cauiiut be a 
free circulation of air over their surfaces, 

it has been stated by Dr« Hales, that the closer the tim* • 
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bers are to each other, provided they are not so close as to 
exclude any degree of air, so Hiiidi the aooder an they apt to 
decay : the confined air betweea the outer and inner linings ^ 
. a ship, and between the outer ptanke and ribe^ deitroys 
those timbers, and corrodtij tlie treenails asunder like aqua , 
fortis : so that whenever we see liiiibers, when laid open, 
decayed^ wc umy be sure it has been done by that most subtle 
and powerful diesohrent,«-cloic^ aonfined^ putrid air." And, 
according to Dr. Henry, ^ even moait wood, when cnrlndad 
from the air, shows very little tendency to decomposition/' 

The justness of these obsei vatioiis lias aUvays been verified 
by the appearance of ships when opened for the {purpose of 
being repaired* It ift uniiMnnly found, that where the air haa 
been perfectly excluded, the timbers are in a aound etala j and 
that, in proportion as a free dreulatbn of Uie air upon the 
surface of timbers exposed to its influence has been obstructed, 
so much the more rapidly have those timbers decayed. W ere 
the timbers of each frame to be placed an eontacl^ in the 
manner above described, the air mig^t easily be excluded horn 
^ their contiguous surfiuses, by chincing the joint, and injecting a 
mixture of tar and cement between the surfaces ; and the in- 
creased width of the spaces between the frames would afford a 
more free circulation oi air in all the openings. Thus the 
whole of the timbers would either be more completely exposed • 
to the air than they are at present, or they would be preserved 
from the jiernicious intluciiLc of impure air ; and this would 
certainly have a tendency to increase their durability. The 
correctness of this conclusion rests on the fact, that a complete 
exclusion of air from the surface of timber, and- an nninter- 
rupted circulation of air upon it, are both conducive to its pre- 
servation. * ' 

According to the usual metliod of framing ships, one -fourth 
of the frame timbers are eonqpletely unconnected with the 
planking of the topsides,'and afford the latter no effsetive sup* 
port; another fourth of them have no connexion with the 
plaaking of the topsides above the lower sides of the upper 
deck ports of two-decked sliips, or middle deck ports of first- 
' rates. This want of union between the lower and the upper 
ttmbei8 -of the frame i^ probably one came of that variation of 
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the angle* formed by the decks and sides, which take! place in 
4 ship when roUiug in a or wliea muek iacLitied hy a preM 

of SIttk 

If th« frame tebmwm to baooiked together, those undef 

ioid above the parte m^M be ooiitieeted eaeh with its adjacent 

port timber, and, if iieccfssary, with the portsills; art d the latter 
might be tenoned or coaked to the port timbers. The whole of 
the timbers of a ship's frame woeld thus he rendeted equally 
s tt hsew l e iit to the etfengthenfog of the topstdes. The sidee of 
ships, and espeeially their tepsides, wotiM thus arldetitly he 
rendered more inflexible; and, as there would be less working 
of the frame timbers when a ship is rolling, the union of the 
beams to the sides i«^d he lets rapidly weakened. The top* 
sides of large ships are ^oomparatiTely weak 1 and it ie probable 
it will be requisite to streii§iheft them considerably, if heafieb 
guns of large calibre niu8t be generally made use of in the 
Royal Navy. 

If the connexions of the frame timbers were to be produced 
by iKieatM of coakSf the freme bolts aaight he dispensed with t 
itik tieeifafb and iKdts which pass tllfoitf»h the outside planking 

would maintain the tinilters in an inseparable contact one with 
another. Those bolts, wlien placed as they usually are, in un- 
seasoned timber, are extremely pernicious : the oxidation of the 
metal injures the timber, and deeomposition^ both of the bolts 
and the wood whksh surronnds them, is the consequence^ Also, 
they are not so well adapted as coaks to resist the working of 
the timbers ; and they may, in some circumstances, be an 
occasion of a deficiency of strength to a ship which ought not 
to manifest any symptoms of weakness^ 

Were the frame bdts to be omitted^ there would be no 
treenails driven short, nor would bad holes for other fastenings 
be made, as is now but too frequently the case. It often hap- 
pensj that pUtiks lying in the range of the frame bolts have 
two or three, and sometimes several treenails driven less than 
half way through the timbers^ owing eithef to the carelessneee 
of the workmen, or to the difficulty of boring hoks clear of 
those bolts. Such an obstruction in the way of properly fas- 
tening the planking ought, if possible, to be removed. 

In putting the firauna tkahers together^ they might he levied 
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to ««oh otiicr, ot dontieolcd ^tk deals^ vntil the hmmm $AunU 
Imre iMen houted mid ammged on the ribbmidi, wid the Ibie* 

most or the aftermost half of each frame seciirL'd to the l ibbandis. 
The remaining timbers of each frame could then, if necessary, 
h% separated from those attached to the ribbands, and iMteaod 
likcwMe $ so that ewy timber mig^t be thoroughly seaaeiied. ' 

In timo of war, it may someUmes he necetsary to huiM sUfH 
with unseasoned timber. This method affords a means by 
V. hie li the pro(]^res8 of seasoning a ship's frame might be reu* 
dered more rapid. 

Accordiiig to the present mode of framing shifM, the aide of 
the timbets are tarred or painted, and kept in ekae contaol 
during the period of •easoning : so that the abutments, which 
ought, if possible, to be more completely exposed than any 
other parts of the timbers, are quite excluded from the inliu- 
eaee of the atmosphere. As It is froih the enda of timber* eha 
vegetable juices most freely^ evaporate, painting the afautwtms 
before the seasoning has been completed must^ in a great 
degree, prevent the escape of the elementii of decomposition 
firom the heart of the timber* 

By framing diips in the way which has been iuggeeted, this 
evil might easily be remedtecL Half of the dmbere <^ each 
frame might be so secured or suspended on the ribbandsy that 
the ail would have access to their heads and heels ; and when • 
the ship had stood to season one half of the intended period| 
the abutments so seasoned might be brought hito oontact, and 
the renlaiiling portion of the timbers of the frame separated to 
season in a similar manner. The performance of this operation 
Would not be difficult : the half of each frame suspended on the 
ribbands would be supported by the other part, the timbers of 
which woold remain in contact. The question is, whether the 
probable advantage of a moee complete evaporation of (he 
vegetable juices from the ends of the timbers would be an 
equivalent for tlie irifhiig expense for workmanship, which 
separating and replacing the timbers would occasion. 

If a ship's frame, or any part of it, were to be formed of 
iiewly*lidiled timber, it might, perhaps, be aa thoroughly een* 
toned by this expedient as the frames of ships aie by tha usual 
method.. And li a complete and rapid leasoning of the frame^ 
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of a shtpcoilld thus be effected^ the practice ofkeepliif a large 
store of timber in a aided state for fiiture use may not be regarded 

as absolutely indispensable. 

What has been stated appears to show that an advantage 
wmiid be gained, in point of durability, by connecting the frame 
timbers of ships in die manner prop<»ed; and it is most obvious 
tbat this mediod would Increase that strength of a ship by 
which she sustains the effects of the rolling motion at sea. It 
is, therefore, of importance to observe, that if ships as now 
built are sufficiently strong, the dimensions and the weight of 
the timbers of the frame mif^t be diminished | because an 
equal, or perhaps a greater, degree of strength could be pro- 
duced with a cuiisiilerably smaller quantity of materials. 

The subject of ships' decks will now be adverted to. — A few 
observations will, in the first place, be made on the present 
mode of constructing decks and uniting them to the sides. An 
endeavour nvilt then be made to show, that the decks of the larger 
classes of ships might be rendered considerably lighter than 
they are ; and that, at the same time, a much more simple and 
permanent connexion might be formed between the ship*s sides. 

In order to judge of the excellency of the present method of 
eonneeting the beams with the Men of a ship, it will be proper 
to premise the following particulars. 

The lower deck beams of a ship of the line are some of the 
largest pieces of timber made use of in ship-building: in a first- 
rate, they are 17 inches square. The ends of the beams are 
secured to the ship's sides, by being coaked and bolted to the 
shelf and waterway, and by an iron knee at each end. The 
coaks in the shelf are siuik two inches into the lower sides of . 
the beams, and those in the waterway two inches into their 
upper sides. The coaks are the principal and most effective 
means of preventing a separation of the beam^-ends from the 
sides. As, however, they do not penetrate into the beams 
more than one-fourth of their depth, an equally strong union, 
would be produced if the beams were but half as deep as at 
present. The bolts which pass through the waterway beams 
and shelf, serve to keep those timbers in close contact, and to 
render the resistance afforded by the coaks to a separation of 
^the beams from the sides of a ship, as great as possible* 
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• The iron knees appear to be intended both to strengthen 
the union of the beams and sides, and to preserve tiie angles 
formed by the beams and the vertical transverse sectkuis of the 
aides unvaried^ when the ship is rolling. It seems generally 
supposed that the knees are of use in opposing the latter efset^ 
when they clasj) the l>eams : the transverse strength of the bolt 
in the side-arm of a kiiee is about equal to that of those in the 
beam-arm ; and as the bolts are, in this cafle, acted oa trans^ 
msely^ they appear caleulatcd to afford a powerfiil rtslstaoce 
to an alteration of the angles of the beams and sides* This 
question will be more fully considered hereafter. 

It has been suggested to the writer, that when a ship has 
returned from sea, an examination of the scuppen will always 
show whether thece has been much angular motlua of tbp 
beams; for whegiever this has been produeedi the scuppers 
roust, if originally made whole, inevitably have been broken. 
That it iR considered impracticable to prevent tlie angular 
motion of the beams, or that it is found the iron knees do not 
prevent it, appears probable from the ciicumstance that, within 
these few years, it has become the practice to form the scup- 
pers in two parts, one being placed within the other ; so that 
whatever degree of angular motion of llic beams and sides may * 
eventually take place, the scuppers cannot be injured. ^ 

The union of a knee to the side of a ship is produced en« 
tirely by the strength of the heads of the bolts through the 
ride ; and this is by no means adequate either to the transverse 
fftrength of the bolts through the beam-arm of the knee, or to 
the strength of the knee. If, by an omission of the coakb iii 
the end of a beam, its connexioii with the side should be 
dependant on the knee, it is evident tfaati on the Marking of 
the beam, the upper part only of the ride-arm of the knee 
would be drawn off from the ship's side, and that the strain 
would be printipallv on the bead of the ii])per bolt, which 
would of necessity give way before the heads of. the lower ones 
could be brought fully into actioa. The fastening of a kne^ to 
the side of a ship, may therefore be considered as arifiog chiefly 
from the bead of the upper bolt, which'must be of inconsider- 
able strength, com|)ared either with the transverse strength of 

the-hoits through, the.beamrariu oi tti^ ku«c, or wiUi .tiiCL§fcu-« 
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rlty afforded to every beam by the coeka and bolt^s in the shelf 
and waterway. Aud it benc« aj^ears tbeio is ground to sus-^ 
pMt that the knees an no^ ki miitj% of so much utUi^ in 
ttrengthankig the imioo of the beam with tha el^iea aa wmy 
banre been aufiposed. 

This may be made more apparent by mentioning, that the 
iieads of bolts for iron knees^ by being made too brittle ard 
oeeatloiiaUy broken off bjr the violtnafe of the coocussion to 
whidi they *n Mbjocted whibt the workman are driving on 
y and it n not improbable that the beads of all the boUe 
are, in some measure, weakened in the same manner. It sceins^ 
on this account^ that it would be umafe to depend entirely on 
the connexion prodneed by iron knaea, when it arlaei merely 
from the jieads of the holti» in any oam ndiera ttrengtb la pf 
mncb importanee | and it is preemned it wouU be advisable to 
dispense with it altogether, for the purpose of securing the 
beams of ships, if they could be connected with the sides by 
iSmple and moie efficient means. The weight of the iron kneet 
isr the^lowerj uppir^ and'qaaiter^^eokfi^ and forcea9tle| of na 
S4**g«m ship, his been ascertained i» amennt to 559 cwt* 3 <|ffS« 
25 lbs., or, in round numbers, 2S tons. This i'i a great weight 
to be attached to the topside^^ and the expense for iQAte^iftW 
and workmanship is great aiso* % 
' In addicbn to theae lasteningSy the flide»b«iding stnkca co- 
eperate with the shdf and watenrayin prevendag a aeparatloii 
of the beams from the sides. Tlie latter, however, are much 
more ettective in this respect than the former ; and they niight 
be rendered sulhcient for connecting permaoeatly the sides oi 
a ship, ind^endently of the binding stiakes. And, aa timt 
flCrafces are cut bttlf-way through) in order tb aacuna thm over# 
the beams, and as <^e spaces between the Ikeams and hM^ 
beams are coimaouly about IB inches, the bolts of the biiidiiijj^ 
strakes are frequently but a few inches from the end grain of 
liie wdod, and cannot^ therefore, in genera], be dimn ao tight 
to to render tbeee etrakes of material utility in staengthenrng. 
the union o# tbe beaim with the sides* 

= ft maybe ol)served, in a word, that scarcely any of the bollt 
fcstemng at the ends of the beams can be brought inio a iidl: 

degite of aetk)n> until tlw eoaks in tiia wateewiiyy.beaali^ mA 
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ttelfy hmt been by some means destroyed ; and that^ whenever 

the connexion of the beams and sides is p^reatly dependant on 
boits through iron knees or side-binding strakcs, there must be 
a continued working of the fastenings, which must rapidly 
dimintsh the strength of the union between the sides of a ship« 
Coaks are certainly the most efficient meam» preserving the 
sides in their original positions', with respect to each other. 

The quantity of security afforded by the coaks in the ends 
of the l^^ams of an eighty-four has been estimated in the fol- 
lowing, manner ' 



Fact Ini» 

The length of the orlop deck is 166 Q- . 



The space occupied by 29 beanis, each sided 15 ins. 
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— — 28 half do., each sided lOi ins. 
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Tiie apnea occupied by 3^ beams, each sided IGi ins. 
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The length of the upper deck is 
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The space occupied by 34 beams, each sided 15 ins. 
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In which there are no coaks • • • • 
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The bn^gth of die quarter-deck and forecastle is . 


198 


0 


The space occupied by 46 beam% cac]i sided 9^ ins. 
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— ~ 4 oaii ao^ each sided / lus. 
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— « Gontaimog coaks is 

♦ 




9 


# 

^ in which there are no coaks • . . . 


159 


3 



The great proportion of the length of each deck, tiius mani- 
fested to be, in a great degree, unconnected with the sides of 
a ship, is sufficient to prove, that if the strength of union which 
is produced between the sides by means of coaks could be 
uoiformly distributed through the whole length of each deck, 
instead of being only m the ends of the beams, the connexion 
of the decks and sides of a ship would be about twice ai> c om- 
plete and permanent without any knees whatever as it is at 
present. 

. It seems owing to the magnitude of the principal beams of 
large ships, that it is so difficult, or impracticable, to apply an 
adequate d^^ of fi^t^i^ to their ends. It certainly does 
not appear to be necessary that the beams ol ships should he 
of such great depth as they usually are, for the purpose merely 
of uniting the sides : whether, if they were of less depth, they 
would be sufficiently strong for sustaining the guns/will subse* 
qucntly be inquired. • • • 

Respecting the fitness of the combination of beams and deck 
flat, for fortniiig a substantial ba^is for the cannon, it is to be 
observed that the strength of a deck is far from being the same 
at every point. In the intermediate vicinity of each of the 
principal beams, a deck is* very much stronger than in some 
other parts. The strength of a deck is here supposed to be esti- 
mated at themiddle between the pillars and clamps, which is the 
weakest point of an athwart-ship line. Two transverse lines might 
be drawn in inldships, on the lower deck of a ship of the line,3 
or 4 /eet apart, and Uie strength of the deck at the weakest point 
of one of those lines would be aboi^ £Mir:tivie8 as greats that 
ft the weakest point of the other. It does nut surely require 
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to be demonstrated, that, if two positions, a and b, be taken on 
a deck in a fore and aft line, and if the deck is sufficiently 
strong at the position a, it mml be uselessly and absurdly strong 
at where it is capable of supporting four or even six times 

as much weight would produce a fracture at the former 
position. 

A mode of constructing the decks of ships will now be 
described, according to which there would be an uniform and 
general distribution of coaks throughout ike whole length of 
each deck : this would render the union of the sides of a ship 
much stronger than it is at present ; the decks would be 
uniformly and sufficiently strong everywhere ; they would con- 
sist of a much smaller quantity of materials than is now required 
for their f<Mrmation ; and other advantages, highly important, 
would also be' obtained. • 

The principal portion of the weight of the decks and guns, is 
sustained by the clamps and shelves, at the sides of a ship ; the 
remainder is supported by the pillars under the beams. As the 
ktee of the water on every point of the bottom of a ship is in 
proportion to the depth below the surface, there must be a great 
excess of buoyancy on the lower part of the body, near the 
keel. These two forces, — the weight on the clamps, and the 
power of tlie water, — in counteracting each other, must pro- 
duce a transverse strain on the sides of a ship, which must be 
greatest in midships, at something less than half way up from 
the keel to the water's surface. If a part of the enormous 
pressure which acts downward on the clamps, could be trans- 
mitted directly to that |>Hrt of tlie body near the keel, which 
mstains the greatest pressure of the water, tlie indirect reci- 
procal counteraction of these forces, which must operate pow- 
erfully and constantly to impair the strengtli of a ship's hull^ 
would) in some measure, be removed. And this might be 
effected, if a row of pillars wore to be fixed at tjie distance of 
a few feet from the middle line, on each s)de of the ship, 
instead of those now placed on the keelson. /The employment 
of two ranges of pillars would render Jme beams virtually 
shorter, because the points of support womd be nearer together; 
aiid it would, therefore, authorise a dfminution of their depth. 
Also, that part oi the pressure of the water ou the keel and 
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Idwer part ot die Burfaee of the bottondi whkh Mstakis the 
weight ineumhent on tlie pillars^ would be counteracted at Cw^ 
points, instead of at one only, as at present. 

• In the constn;ctiun of the decks now to Ik.- desci il)t'd, two ro\V« 
of pillars are requisite : they are designed to be placed under 
two shelyes, which extend in a fore and aft direction fram head 
to stem, at the aides of the hatchwaya. The tnidahfip ehelves 
would be placed as nrnch lAsme the level of those at the iidea 
of the ship, as would be required by the conyexity, or round- 
up of the deck* 

The decka would consist entirely of ttiick-ttuif, placed 
Hthwart-^shlp ixpon the elde and midship shelves, fig* II, 
plate 2. is ft part of the midship section ^ a ship of 84 guns, 
with the decks drawn m the manner descfibed. Fig. 12. is a 
part of the plan of the lower deck, Tlie letters b, b, mark the 
beam pieces ; f,f, the filling pieces j and m, m, in both figures, 
the midship shelves. The ends of the thidk«et«ff weald be in 
contact with the frame timbers, as the ends of the beams are ; 
except a small part of that of the orlop deck, which would 
come against the diagonal framing. Every other piece of thick- 
stuff on the larboard side, which is not in the wake of a hatch- 
way, of mast-hole, would extend as far aa the starboard ta\A^ 
ship shelf, so as just to rest upon it-; and vice versa. These 
pieces, for the sake of distinguishing them, might be designated 
beam-pirces ; as every consecutive two of them, by being coaked 
and otherwise fastened togethei;, would form a beam; which 
Would be coaked to the side shelves as beams are at present^ 
and also to the midship shelves. The beam-pieees would have 
their broadest ends in midships ; one edge of each piece would 
be straight, and the other edge, for the sake of ecouomv in con- 
▼ersion, would he tapered from the but of the contiguous beam- 
p^ce, towards the ends, or towards the top end only. Thiia 
the form of the pieces would be similar to that of top-and-tn«t 
planking. The remaining pieces of deck thick-staff might bo 
denominated filling-pieces. Those between the beams would 
be tapered from end to end, and would have their broadest 
ends at the sides of the ship. Those in the wake of the hatch* 
ways might be tapered or not. The pieces of deck thick*staff * 
at-thefore and si^ aidia of the hMchways, oottkl be tamii- 
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nated at the middle line, and be coaked to the shelves^ and to 
te^es iitted b^tweei^ %\iQ^e in midships. Where the hatch- 
au4 ladcter^ways ^ a^jacent^ a beam would be (^ape4 
)»^€#ii ti^in a« 9f ppemfc; wdj in ocder to conii^ its 
very ^eoiurelyf they might be coaked to a ledge between the 
j})idship shelves, and to a piece fitted between the comiugij. 

The beams would be got iu place as soon as the side shelves 
should haye b^jsp wrpi|ght; tb^y would be coaked to these 
tktim fyr the p^iiposp coQnectiDg the ^dea of the abip^ 
aad ^ley WiQ^ld be kept to their height at the middle line by a 
|cil>band^ until the midship shelves should have been wrought 
on their under sides, and coaked to them and pillared. The 
hlUng-pieces would be coaked to the side and midship sbelvea $ 
Atf wmM^ hofvey^rj nqt be ,wroi|gbJt u|^til it became piteeimjf 
in finder %o proqs^4 wf tb oUier parts of t|l§ structure ; af by 
leaving them out as long as possible, a siiQ|cieney of lighj; an4 

air would have free access to tli^ hold. 

Sll Jihe deck thick-stuff should be wrought of as great 

bf^oAhf, as tb^ timber lof which it might h? /orqou^ yrovid a47 
foit, : thi^ wast^ pccafiou^4 .^y reducing Jtitnher fo make it 
fif a given scantling, could thus always be avoided.^ 

Timber which would make beam-pieces of the usual size, ndght 
b^ applied (qv ^eck^ y^ry fidva^tageously. Ail that it 
would be necessary to observe, would be^ that eacji |^eoe slioukl 
not \» of iffn^ hre.«4th» at h«V*w^y between the side mid<* 
ship shelves, than a given definite proporliop of the distance 

between the points oi support. 

A pillar might be placed at the middle of each space be- 
tiW^ea the ports, undem^b the side shelves^ to sustain the 
ff^sme the tjoQv^, in lieu qf the chocks through 
which the iron knees are bolted. 

The deck hooks and transoms could be wrought in such a 
manner, that the foremost and the aftermost pieces oi the side 
shelves might be jicarphed to .them respectis ely, as die shelf 
piepea m now to eaidi other. This would render the side 
sbdTep complete internisl J^Qops to a ^hip^ and would be con- 
dusire to a general diffusion of strength. These hooks and 
trausoms might be made of such si.ding, t^at U^ey would iorui 

a^aiX^f tba uppo: sUkflf.th^ deck. . 

i> 2 
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^ The midship shelves could be 80 constructed as to form the 
sides of all the hatchways : they- would, in conjunctioii vnth 

the deck thick-stuff, produce sufficient strent^th at the mast- 
holes, and would render the riding bitts, and the bowsprit step, 
and capstan partners, abundantly firm. And as each end of 
the midship shelves could be strongly united to the dedL hookft 
and transoms by an iron plate i or by means of a piece of 
kne^-formed plank coaked on their under sides, they would 
produce a very powerful connexion between the ends of a ship. 
The thickness of the midship shelves might be about equal to 
that of the deck thick-stuif ; and their breadths should be 
alwaysr sufficiently great for coaking and fastening the deck 
thick-stuff to them. 

Such decks would hnve waterways of smaller dimensions 
than the present ones. They might he formed of thick-stufF$ 
of the same siding as the side shelves, and of as great a moulding 
as would be convenient for conversion, and for running out the 
guns* Their several pieces could be scarphed flatways, and be 
coaked to each other, and to the thick-stuff or plank placed 
behind as filliugs, on account of the tumbling home of the 
sides. This would render the waterways internal hoops also. 
An angular surface could be formed upon the deck thick-stuff, 
to receive the waterways ; so that there might be a seam for 
the caulking, of the same depth and direction as is now formed 
in all cases. The waterway would be coaked to each piece of 
deck thick-stuff, and holted through the deck and shelf, and to 
the sides of the ship : and as the uprand-down bolts, although 
proportionally smaller, would be much more numerous than at 
jpresent, the waterway would be kept in a permanent contact 
with the deck. ■ This would effectually prevent leaking at the 
waterway seam. 

' The comings and liead ledges could be let down into the deck 
thick -stuff a sufficient depth for caulking round them. 

- That these decks migtit not be unnecessarily thick, and that 
the greatest degree of strength might be obtained with thick- 
stuff of a given breadth and depth, it would be proper to con- 
nect the beam and tilling -pieces in such a manner, as that they 
would support each other. This could be done by coaking 
them together at the edges ; but then it wo)4d be requisi.te 
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that the coaks in one edge of every piece should be doubly 
sunk. It might be done by laying a deck-flat upon the thick*, 
stuff; or by lining the under sides of such decks. But it is. 

considered that a better way of uniting toj^cther the beam and 
filliiig-pieces, would be to place two diagonul keys (marked A , A, 
in figures 11 and 12^) in every joint between the side and mid- 
ship shelves ; spacing them so as to divide the distance between 
those shelves into three equal parts* These keys should be 
let into the edges of each piece of thick-stuffy about an inch) 
or an inch aiul half, or so much, that each piece if buppurted 
at its ends after the scores were cut out, would bear as luuclu 
weight suspended from the place of the scorcy as it would sup« 
port at the middle of its length. Diagonal keys would produce 
a very strong connexion between the beam and filling-pieces ; 
and they would prevent the working of any part of such decks, 
either in a vertical, or in an Lithu art-ship direction. If, instead 
of diagonal keys, a deck-tlat of planks or. deals were to be 
placed upon the thick-stuff for the purpose of connecting it, 
the fastening the flat might weaken the deck; the whole 
weight of the decks would be considerably increased ; it would 
be necessary to place the guns of the uppermost decks several 
inches higher; it would be much more difficult and expensive 
to replace any part of a deck that might be worn or decayed ; 
and, what is perhaps of much greater consequence* the un- 
avoidably imperfect contact of the deck-flat and thick-stufl^ 
would engender decay. A peculiar advantage of the method 
in question would be, that by having no deck-flat, there would 
be no tendency of the materials to rot through being situated 
one upon another. Kvery part of such decks would be exposed 
to the air, except that in contact with the shelves and water- 
way ; and from this the air might be perfectly excluded. 

Respecting the connexion of the larboard and starboard bides 
of such decks, it may be proper to mention, that it is requisite 
it should be at least as strong, as the union of the decks with 
the sides of the ship. As many coaks might be used to join 
the beam-pieces together, as would alone produce this degree 
of strength. But, as it would be very easy to connect all the 
beams one with another, by means of a small piece of wood, in- 
serted as a key, in tiie joint of every two contiguous beams, at 
the ipiddle tiae of the deck, (as shown at z in figures il and 
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r2|} it wouici not be necessary to make use of more coaka in 
Uniting the beam-pieces^ than, together with these keys, would 

render the union of the starboard aiul larboard sides of the 
decks sufficiently powerful. By making these keys of hard and 
tough oak^ and placing their ends in contact with the end grain 
in the scores cut to receive them^ they would present an insu* 
perable resistance to a separation of one sidte of a deck from 
the other, and to a working of the beams in an athwart-ship 
direction. 

It may now be observed^ that the coaking of the whole length 
of eabh deck to its shelves and waterways^ would evidently render 
the union of the decks and sides of a ship very much stronger 
0ian it is at pt'esent ; and by connecting the beam and fitting- 
pieces together with keys, a deck would be, as nearly as is 
possible in practice, of uniform and equable strength through- 
out. 

The simplicity of this method of coUsthicting a deck may 
just be adverted to. Instead of beams, half-beams, carlings, 
diagonal tedges, binding strakes, and deck - flat, requiring a 

large qrtantity of fastening ; the midship bii elves, and the 
deck thick-stuff, with a comparatively small quantity of fasten- 
ing, will form a deck as se^ceable and substantial as the 
present decks. 

* Having described a mode of constructing decks, which ap- 
pears in many reJ^jDccts preferable to the usual method, it will 
be proper to state some particulars respecting the strength of 
beams, and the weights which those of ships are required to 
sustain, aa data for determining the thickness and mean 
breadths of pieces of iSiick-stuff, for forming the lower deck 
of a ship of the line. 

To ascertain satisfactorily what ought to be the dimensions 
of pieces of timber to sustain a given weight, recourse must be 
had to the results of experiment. Buifon s experiments on 
pieces of timl}er of large dimensions, are apposite for the ob- 
ject In view;— to determine the requisite sizes of beams for 
the decks of ships. 

The distance between the side and midship shelves of the 
lower deck of an 84»gun ship, would, in midships, be 1 7ft. Gins. 
Tfali is very liearly the length of the fateams In the following 
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experiments of Buffon, taken from page 43 of Barlow's " Essay 
on the Strength and Stress of Timber." These beams were sup- 
ported at each end, (not fixed^) and the breaking weights were 
applied at the middle. 

iMgib of baansw Sixctqjm^^ Bieakiiig we%ht. Jtfean weight 

UmU Im. ins, lbs. lbs. 

17 2 7.5 11944? 

17 2 7.5 117295 

17 2 8.57 18078! 

17 2 8^7 17163: 

To find the strei^tb of a beam 17ft* 2in8. long, and Sins 
square^ it is sufficient to make the following proportions. 

775)' : 1183« :: 8' : 14360 
sTii]^ : 17620 :: : I43d0 

Ai— niiig» then, that aheam 17ft*2itia* loagi «ad 8 iiu« 

square, requires 14330 lbs. to produce a fracture ; a bc;iin of 
the same lent^tli, 12 ins. broad, and Sins. thii:k, will recjuire 
half a» much agai% or 21495 Ihs. when its eads are menly 
tuppotted. 

To find tiM sMngtfa of a ainilar heam hf means of BIr. 
BmIdw's formula, according to whidi the breaking weight 
4 CI c2 *S 

W is = J — 5 where a represents the breadth of 

beam, d iu depth, I its loogth^ and the wisistance of a rod 
an inoha<|Maffe; taislng the i^aft value of S fmm tbe.cxpeii- 
on English oak, on page 181 of Bariow's Essayi we 



W = ii^-i^ir^^^^ = 21265 lbs. This beam thei«- 
im, accordiag to Mr* Barlow's theory and experiments, will 

bear dSOUM»ksa than it waa found to iiiatain by Bu£^ Exr 
peiMBMI has pofod that the larger the beam, the greater is 
the excess of the weight required to break it, above that which 
tluorv indicates. Presuniini^ then, in finding the strengths of 
iaijge beams, that Mr» Barlow 6 ibrjoauia will not give a result 
giwMtr than the tiruepnt^ it will now bo made use of to eom- 
pule the alrengA of one of the k>wer deck beams of an eighty* 
four. 

The distance l)rt\veen the clamps and the pillars in mid- 

^ihi|KSy which may be taken as tha length oi the beam beiween 
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the props, is 23 feet; and the beams are 16|5 inches square* 
The weight such a beam would bear^ when nipported at the 

ends, 18 . ' =41 tons, 9 cwt. If tlie ends 

were to be fixed (and the ends of ships* beams are fixed with 
great hrmness), more than sixty tons would be required to break 
it J because the strength of a beam, when its ends are fixed, is 
to that when its ends are merely supported, as three to two* 
Assuming^ therefore, that the longest beam of the lower deck 
of an eig^hty-four, witli a ])illar inidcr it, would bear sixty tons 
suspended from tlie middle point between the pillar and clamp, 
on either side of the ship, one hundred and twenty tons might 
be suspended from the two weakest points of the same beam 
without breaking it a wdght greater, by about twenty-six 
tons^ than the whole weight of the guns and gun-eamages of 
the lower deck. The shorter beams would bear still more. 

It seems reasonable to doubt whether so great a degree of 
strength is absolutely necessary for the beams of a ship. An 
eminent naval architect has stated, that the beams of ships 
must be of such strength as to endure tlie weight of the cannon 
and \\ liatcvcr else is to be placed upon them. But if the above 
calculations be correct, an eic^hty- four's lower deck beams 
would, when new, bear iitty times as much weight as is ever 
plaeed upon them. The beams must, of course, be sufficiently 
strong to sustain the guns in time of action, and under all 
drcumstances, as long as the ship maybe expected to contmue 
sound and serviceable. 

It is presumed the forecastle of a two-decked ship is suffi- 
ciently strong to sustain twelve-pounder guns, in time of action, 
and under all circumstances } and it is therefore considered, if 
tiie strength of the other decks bore the same proportion to 
the strength of the forecastle as the weights of their respecti\ e 
guns, they would be as strong (all thin^ taken into the account) 
as they ought to be. Also, as the forecastle has a greater con- 
vexlty or round-up than the other decks, it must invariably 
receive a more violent shock from the recoil of a gun $ and its 
strength is, on thia. account, a safe criterion for determinit^ 
the re(iiiisite ^^trenglli of the other decks. 

As the strength of any fabric is only that of its weakest par^ 
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tkfit of the deek-Aaty at die middle of the spaces between IIm 
foecaeUe beuM, mwt therefore be coiwidefed aa the at nim t fa 
of the foiecastle. This will now be eonipsled. 

The greatest spaces between these beams, in a ship of 84 
guns, are nearly or quite 3 feet ; and the deck deals are 3 inches 
thick, and about 9 iacbes broad* It is accordingly only necea^ 
uay to find the traosvene strength of a fir plank^ d feet long, 
9 inches broad, and 3 Inches thidc, when fixed at both ends* 

4 ad* S 

Making use of the above formula, W =5 1 ; where the 

mean vakie of ou pages iS4 and 185 of Barlow's Essay, is 

lOSO lbs,; W is = ^ ^ ^ 3g ^ = 9720 lbs., or 4 tons 6 

cwt. 3 qrs. The weight that would be required to break one 
of the forecastle deck deals, supposing it himly fixed on the 
beams, is, therefore, 6| tons. 

Now, as the weight of a twelre-pounder gun and carriage is 
something less than two tons, and as this weight is sustained 
in nearly equal dcp;rees by the four trucks of the ciu i ia;L;c, a 
greater weight than half a ton can seldom be brought on any 
part of the forecobtle at the same iustant ^ and as the weakest 
part of the forecastle of an eighty-four requires 6^ tons to pro- 
duce a fracture, every part of it Is about thirteen times as strong 
as would be suffieient merely to support the weight of its guns.' 
It is inferred that, as a beam 17 feet 2 inches loni?, 12 inches 
broad, and 8 inches thick, will bear 9^ tons when its ends are 
supported, and therefore 14^ tons when its ends are fixed,~ 
and as the weight of a d2-pounder gun and carriage is less 
than 3} tons, and consequently a greater weight than of a 
ton can seldom be placed on the weakest part of the lower deck 
of an eighty-four at the same time : this deck, if formed of 
thick-stuff 12 inches broad and 8 inches thick, laid athwart- ship 
according to the method which has been described, would be 
more capable of supporting the cannon upon It than the fore- 
castle is tjf sustaining its guns, in the proportion of 17,5 to 13, 
and, therefore, more than sufficiently strong under a!l circum- 
stances* But as the beam and hlling-pieces could, in midships, 
be as much as 18 inches broad, at half-way between the side 
and midship shelves, the above ratio would be, in fact, 26,25 to 
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13 ; which shows that such a deck would be twice as strong in 
proportion to Hit weight of the caiuion placed upon it, as the 
forecastle » in cdia|i«ijtoii with the weight of , twelve^pouufkr 

dk» the bMin and fiiUng-pieoee aught be to Mmeeled^ hf 

means of diagonal keys, that they would support each other, it 
seems reasonable to suppose tliat a less thickness than eight 
Inches maid afford as great a degree of strength as is rei^uiittt 
for the gun-dtck of a ship of the line. Butj as an excess of 
strength in any part of a ship is preferable to a deficiency, it 
will be asstnned that ei|^t inches is a suitahle thiekMsr; and 
in support of this position it is only necessary to oljservc, that 
every part of such a deck would be much stronger than the 
waakest parts of the lower deck of a line of iiattle ship, as v w 
ooostmctied, and that (his is the principle upon which this 
method is founded. 

It is now of some importance to conf>ider, whether the 
angular motion of the decks and sides would be effectively 
resisted when a ship roils deeply in a hollow sea, or is much 
inclined under a heavy press of sail, if the decks should ho 
fonaad in the way which has been described |-*acmding to 
which, there would be no knees at the sides. 

The simplest illustratiun of the niaunor in which a bUip is 
acted on in those circunisUnces, is considered to be that ahready 
given,- — of a lever, supported on a fulcrum, and loaded with 
weights towards its ends* 'Jfhe ship is the Jever^ the centre of 
gravity of the displaoement is that point of this lever, at which 
the buoyancy of the water or the fulcrum is applied ; the gra- 
vitation of the weight un each side of the vertical and longi- 
tudinal plane passing through this pomt, combined with the 
effort of the wind on the sails, are the forces which ke6|>. this 
(ever in equilibriam. 

. If we conceive a ship to be in an inclined position, either 

when rolling in a boisterous sea or when under a press of sail, 
and consider, that the centre of Llie upward pressure of the 
water, i>s situated in a vertical hue on the lee-side of the vertical 
^ough the centre of gravity of the ship, and thiu the whole 
force of the water may be supposed to act upwards at its centre 
of pressnri^ it unll apjwr obviojos that the gravity of the wind^ 
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ward side is greater^ and that of the leeward side is less, than 
the flttbjiioetit buoysnejr on each rids rmfenMkf, Tht txam 
df bttoyaney on ^« Ite-aide must caiiat it to ffo| aft the taiiHi 
tiM lliat tWt atmppemei weight m the weathtr-aida imiil 

cause the latter to descend; and this simultaneous rising and 
falling of the sides of a ship, during tiie interval of heeling, is 
tndoiibtedly the principal, if not the onlyeime^ of the angular 
motion of the beams and- skies* The actiim df the wM on the 
ieiils) Win^ id « hoficihitel ditecthmi ean hra btt little^ if any, 

influence in producing such an etfect. 

When tlie windward side descends for want of an adequate 
support from the water, as the guns and iron knees aie weights 
of great apeeific gravity, situated at the gi^itMt distmce fioai 
the longitudinal axis found which the fessei ferolvea, it ii 
efident that, during the time of the descent, the ^ns and (nm 
knees on the emerged side must acquire a much greater 
momentum in failing, than any other weigliCs in the ship ; and, 
aa the gvns rest on the lieams, the beam^eiMis on tin windward 
side must therefore here • tendency to deaeemi at k <)iik!her 
rate, than the tide of the ahip to wldi^ they ai« tttmdied. TMt 
must tend to diminish the angles which the beam^ and the 
vertical transverse sections of the ^vil]d\val•d side form with each 
other, and must, in some degree, contravene the tendency, 
wiiich ^ faiiiiig ^ tim windward side Muat liave te IncMee 
tiiose angles^ It aecesaarily fdlowi) that tlie iion knta of the 
emerged side of a ship, can nevei4»e broi^ht to act with mni4i 
elfect in resisting the angular working of the beams. A ship, 
when rollings and even when hiclincd by the sails, is never 
kt rests one side is constantly immersing^ and the other 
eaa«igittg$ and the eomparatively greet momeMm winch ^ 
guns end iron kneea on the enevgwl side aofidfe in desmdbg) 
must cantinually preserve the knees on tins ssde fiwn liefng 
powerfully acted on. The knee s on the immersed or leeward 
side of a ship can be of no other use whatever^ tiian as pillars 
to support the ends of the beams. 

It ia mentiot^ hy Mr. Knowles, in Ikis ' Inquiry into the 
Means of Preserving tiie Navy/ that <<the Malahae, of 74 guns, 
built at Bombay, brought liome, under jury-masts, a large 
cargo of timber^ and as im-work ik Qx^mive^ and but indii* 
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ferentlv executed in Iiitim, all the knees were omitted : the 
ship, on lier passage home, from aa excess of stabUity, was 
eul^ect to violent moUoii9» and eneounttred loup severe gales 
#f wind $ yet there had been no afiparent motion or working in 
the materials for the want of knees." This fact acfcords with 
the foregoniej reasoning^, and with the conclusion derived from 
it^— that knees cannot be of material utility in preventing 
aD|;iilnr' motion of the decks and eldes. 
, The cmise of angular motion of the decks and aides is, as 
has been stated^ the rising" of the lee-side and falling of the 
weather-bide during the interval a sliip is being inclined. This 
change in the relative positions of the sides, produces an altera- 
tion of the curvature, of the vertical transverse sections of the 
bottom, and a wcnrking of the heads and heeb of die frame 
timbers* If, therefore^ this working of the abutments of the 
frame timbers were to be diminished, as it might be, l)y co;ik- 
ing instead of bolting those timbers together, a change botli of 
the eurvature of the bottom and of the relative positions of the 
sides, and consequently the angular motion of Che beams, would 
be resisted in a direet and most effectual manner. It n ehime- 
rical to suppose the angular motion of the beams can be pre- 
vented by means of knees at their ends, whilst a change of the 
curvature of a ship's bottom can be produced by the relative 
rising and falling of her sides. To prevent angular motion, we 
must first prevent, as mueh as possible, an alteration of the 
r^tive positions of the stdea when a ship is rolling j and this 
never can be effected by means of knees at the ends of the 
beams* 

It is oonsidered that the powerful connexion of the sides of 
shfpsi which would be produced by means of the athwart-ship 
deeka, in eonjunetion witii an increase of Rticn^"tli of connexion 
of the frame timbers with each other, would render our ships 
of war, in general, much less susceptible of a change of form, 
under any circmnstanees at sea, than they can have been 
hitherto* 

That it is impossible the angular motion of the beams of 
ships can be totally prevented, is undeniable^ because it is 
impracticable to render a ship perfectly rigid^ Should it there- 
Iwa be Mnndered, that if ships' decks were to be formed of 



Digitized by Google 



and forming the Deckilif Sk^m 4^ 

thick-stuff placed athw ai t-ships, it would still l>e proper to apply 
some means of resisting; the angular working of the decks ; a 
flnlMfehute for knees m^ht easily be fumiahed* Considering a 
deck and a side of a ship as two sides of a triangle. It wmiM 
<mly be necessary to fix an iron brace so as to form the thM 
side. The upper end of the brace might be attached to a stout 
screw, placed in the under-side of the deck, a few inches from 
the front of the shelf, and the lower end bolted to the ship's 
side. Any ttitmher of sueh braces miglit be coimiietitly applied. 
It is, however, to be obserred, that the direct and most advan^ 
tageous way of resistmg the angular moti on of a ship's decks, 
is to strengthen the connexion of the liame timbers with each 
other, at that part of the bottom more especially, which is inters 
seeted by the vertical and longitudinal plane in which the centre 
of gravity of ifisplacemeni is situated, when the riiip is incfined 
conoderably (nm a vertleal positioti. 

It is proper to remark, that the weiglit of the tlmlier and 
plank now required to form the decks of an eighty- four, itf 
greater than that which would be requisite for formhig the 
same decks in the manner proposed, by about 00 tons. The 
weight that would be saved by having no hron knees, and by 
the reduction \vhich would he made of the hcigkt of the top- 
sides, would amount to about 100 tons more. A removal of 
so much weight from the decks and the sides of a ship would 
be, in fact, a partial removial of the cauae of the angular motion 
of the beams when the ship is roUing. 

When a ship is thrown on her beam- ends, or is suddenly 
inclined to a very large angle, the beams become as props or 
shores between the sides* In proportion to the tendency which 
the beams of the same deck have to move parallel to each 
other, or in proportion to the degree of the- change of formf 
which can be produced in the boundary lines of the decks, in 
this circumstance, so must the ship experience the greater 
deterioration from the violent straining to which she is then 
subjected. 

To show that if a ship's decks were formed of thick-stuflT, 
that for each deck being of proportionate strength, they 

would cifectually maintain the relative positions of the sides, 
and preveot a variatiou of the curvature of the boundary tines 
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in the above supposed ciicumstance, it is only necessary to 
njentioii, that the area of the longitudinal aiid vertical section 
of an eighty*£Dur lowi^r 4eck, if formad tlu^*fitu(f, would 
Jmtathft mm ^ the 9e6tio«8 of the bwm m^ i^i-ke%m 4tf 
|be taiof daA nmly la tba ri^tio of tl^r^ ^ fMi4 M 
all tlia thidc-stiiff would ba vary strongly conn^otad with tha 
side and midship shelves and waterway (cii> it would be always 
in t^9 c)o6est possible contact), and as the whole of it could be 
inseparably coiyoi^e4 at its edges, by maans of fit^iijt att4 k^h 
it la obviou* ^aob daak bfe affect 9a 99 immvm 
boacd oip wafyjrn tbiclm^s Ijtflttjubla ia « p^r^W l9 

^ts surfisce. It is reasonable to suppose, that a ship with well 
decks, would withstand the lateral iiup^lses of w^ves toward^ 
tiie head pr stacA wiU^ um^\u^|urn^iess, 

Th^ foregoing j9))f#rvati(Hi# SWP to W thif ^fi m ij gig 
that if the decka of a ahip wem 

method which hae baco dasgrlbc^, they woiiU be •vwjrwhm of 

equable strength, and sufficiently strong for supporting the 
guMs ; they would produce a niucli more powerful connotion 
betiveej^ ijiie sides of ship Jthau the present d^d^j iiiid» as 
4w ^PMse of tt^e angular ^motion of the decka mi ald«» woid4 
in put j^vunwia •114 aath|i Anna JtMMia, h^r Mof «m» 
strongly united, would peasant a more powacful rasiataooe to 
this working, a less degree of it would be produced. 

By foiiiiing the decks of the larger classes of ships in the 
manner proposed, they would occupy the smallest possible por- 

tifw of miicid jipace ; .pnd .a»ch it dimmtttijon of |ha wMe 
bright of the hulk of those ships might be effeet^» |u wouU 

^ productive of exceedingly banefieial consequences. 

Suppose, iu a ship of 84 guas, the lower deck to be fonaed of 
eight-inch thick -stuff, and the orlop and the upper decks of 
^even-inch thick-stuff : the vertical space, or the height taken 
up by theie decks, might be reduced from 4 £^et 4^ inflbea .to 
1 fo9t 10 inebea. The upper deck cpidd be ms^ of oak thick- 
stuff in midships, and of fir forward and abaft ; since, if tihe 
breadths of tlic jjiccet, of thick-stuff were increased, or if their 
lengths weic (liininished, they might be formed of timber of 
inferior .atreiigth. The breadths of the piecas alu^iild alwuyn 
^ «o jifppocMonfd .to their l^i|gthj .aod ri»9 tp th^ ji^ieofio 
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quality of the timber, that every piecemiglit be of, at least, a 
pa/tn dc^uite degree of strength, it the quarter-deck and fott'' 

outiA wm Ibrnftd d Mx-inch fir tkmkri$^ Mgin o0ea«« 
yied bf tlie dMka au^ be fortto Rtdueed by H 'mimt ttni 
)bis wwddlmdM the wiidle dkiinutioii of faei^ amovHt to jiial 

three feet. It might be shown tliat these assumed thicknesses 
would b« ueajly m jpropoctiom to the wd^htt» jon Ujye respecjUvt 
decks. 

Ui^ha^sim «igbt]F*li«r-«oii dMpV b«tt «enld tbvs be 
vidwced, lite wbbfe veigbt of khe guos and other Miclee on 

the upper deck, together with the deck itself, would be brought 
down about ieu lucUes ; and the quarter-deck and forecastle, 
with the guns, spars, and other wel^ile ipott then, mmikl bit 
ikaftted dbont 1 imi H iiKfaee Umm than at {UMfits thi 
heighti b tew e m ^eeht, and haigbt of tiie lemr dock abave tfao 
water, xemaining unaltered. The orlop deck would be raised 
i2| inches, and the depth in hold would in consequeace be 
increased 1 jPoot Si inciies; the height between the gun and 
pdop deeka beb% tfaia aame at it aa aow^ to tha taider aide ol 
the gun-deek beaaM. If ^ depth ia hold k wgeiently great, 
as without doul)t it is, the immersed part of the body might be 
diminished, as a corresponding reduction of the weight of the 
abip would be made at the same tiaae. 

Tha weight of ahahuH of m aaeemd-^pate, ieQan% hoii^ m 
abeaa 18a0 toiis. Ifthedadke of aaeh ashipweretaha'faraaad 
according to the method described in this paper, t^e weight of 
the hull would be about one-tenth less ; and as the load dis* 
placement of sueh a ship is about ^00 tons, about one*- 
eighteeanai part of ft >iwwdd he a nnetaw a r y^ and laigbt be takan 
away. 

It only remains to take notice of ^e effect Which tills -dlaii- 
nution of the weight of a ship would have on the stability, and 
on the resistance of the water. 

Rodacing the height of ^ hidl above the water would of 
eoaree nudEe k proper to lower the whole aurftice of the eails, 
or thefir centre ef groKrity, about 15| inches ; so that k might 
be at the same heicj^ht as at present above the uppermost deck. 
The removal of about one hundred and twenty tons weight 
froDi'that ftattiOt llie hull which 4e dbeve the waler^iihe iowering 
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of all the batteries except that of the gun^ieok, and the bring- 
ing down of the centre of effort of the sails, would, together, 
pioduce a gieat iniereaae of etabilitgr ; and diminisfaing the depth 
and the falhess of the iimnened part of the ship would, by 

raising the weighis in the hold, occasion a small decrease of 
stability. The aggregate, liowever, would be a considerable 
angmentathm of the power which reelof es ^ thip to the upright 
position. 

* The subtraction made from the displacement a ship would 

cause a corresponding diminution of the resistance the ship 
experiences when moving in the water. This, combined with 
an increase of stability, which would make it propes to enlarge 
the surface of the ewls, would effect an improvenient of the 
tailing qualities' of our ships of war. It seems a neoessary con* 
sequence, if the moving power be increased or preserved uiuil* 
tered at the same time that the weight to be moved is dimi- 
nishedy that a greater degree of velocity must be produced : this 
is .undoubtedly the most certain way of improving the saiimg 
qualities of ships, whilst we are utterly unable to prove that any 
one modification of the forin of a ship, within the limits usually 

observed, is more conducive to velociLy tlum :uiother. 

An omission of the iron knees at the sides of a ship, toge- 
ther with a reduction of the height of the hull, which would 
»a)Le the weight of the top^-sides of a 8eeond»rate at kaat 70 
tooa less than it is at present, would' diminish the momentum 
'the latter acquires by the rollhig motion of the ship. This 
removal of superfluous weight from tlie u}3ptT works, in con- 
junction with greater strength of the frames of ships, would 
authorise as laige an increase of their breadths as can be adnia«> 
tageous* 

' In conelostott, it may be observed, that if the weight of the 

hulls of our ships of war, were to be diminished in the propor- 
tion in which it has been stated, that the weight of the hull 
of an eighty-four might, a considerable saving of the expense 
of building tliem would be the consequence. Supposing the 
weight of an 84- gun ship's hull could be reduced one*tenth, — 
and, if the foregoing observations be admissible, this might be 
dune without detriment to the ship, — the cost of the structure 
would be aboiit one-teiuh less; « large ppoportion of the 
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mrticles which would be dispensed with, are some of the meet 
^oaiile made use of in ship-fauilding* It f(4low8) that a flaving 
of aboat otie*teBth of the capital employed for the ptoductioit' 

of our larger classes of ships, might be effected. 

A real improvement would also be made in the smaller classes 
t»f 6hip0 of war, and particularly in frigates, if their decks were 
to be constructed m the nuuiner which has been described. la 
negate of 46 guns, the depths of the orlop^ lower, upper, and 
quarter-deck beams, added to the thicknesses of the flats placed 
upon them, (which is the vertical space taken up by the decks) 
•make just four feet. This might be reduced about one-half $ 
juid'each dedL woidd be everywhere as strong, or stronger, than 
the present decki are at their weakest points. 

Tlie advantages of constructing our ships of war, so that they 
would be lighter, less expensive, and better adapted for active 
service at sea, would doubtless be of very considerable import- 
ance, should the safety of this kingdom be again dependent on 
tbe strength of Us navy. 



Art. III. — A Method of Jmdmg the Centre qf Gravity of a 
Ship. By Ma. Barton, SMeiU m the Skiio^ 

w 

GENT]JBM£N,^The following method of finding the centre 
of grsEvity of a ship has nol^ I believe, been hitheitd suggested^ 
flunking it will be found of easy application, and little, liable to 
error, your inserting it iu the Papers on Naval Architecture 
will oblige. Gentlemen, 

Your obedient Servant, 

Bartow 

Let ^ whole, or part, of the guns be run aft ^ observe the 
new draught of water, and place of the guns moved ; from which 
(with the draught of the ship,) we may deternune the required 
centre. 

B 
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Suppose AB, a 6, (Fig. 13,) the fornrter and liew water-lines, 
D, d the former and new centres of c^ravity of displacement, 
H and K. the former and new centres of gravity of the guns 
moved. H being in the middle ol the exftreine jmrts from fHiieh 
llie guns wer« laibeR, Mid K the mkMlle of lira ip«e« they 
occupy when moved, (supposing them phlcecl ikid hy sHbs tM 
pointing]: athwartships,) and as the curvature of the deck i* 
«inail^ we may, in hoth eases, take the centra of gravity th^ 
(UM^ height above it as lor a tingle gun* 

Dnw DO, d'H, at right angfea to AB, ah Th* eent^^ ^ 
graiflty tff tfw ship a« tfcH, yH» ixt this line DO, hut, by nfeftog 
the guns, it has been brought ?n the line d N. Suppose it tb 
have been the point G : draw GN, KL parallel to o and 
HL t(^dN« If weight of gmts mb^ed, W as wtight or 
iNspiacedieiit «f the ahip, we shtil hafer 

to X KL = W X GN^ or GN = x KLj. 

and KL being measured on the drauglu, GN is known. Draw, 
therefore, a line parallel to d N at the distance GN, and its 
intersection with GU wiU -he-the eentre of gravity of the ship 
before the guns were moved. 

' if iablittatimof AB, a 5, (or, whieh Ih^-iOM, of 

GD,) be small, a slight error in drawing these lines may pro- 
duce a considerable error in DG. The following method of 
finding 1>G will be, in this case, preferable. 

Let i inelina^n: of AB, n&f tbea-, slAea tang. % as 

* known: dr^w DE perpendicular to dN, and 

OF parallel to it^ and if KL = bj DE ^ both being known 

tu 

oh thediraughtp we shall have to x i s W x Otf, or "^^^ 

= GN = EF. Hence;, DF = p - ^ i6; but DF=GD . sin i, 

and consequently GD » = -~ — : — r-* 

^ smt W . sin I 

* Tfae ociitre of gravity of dkptacement D, having been found 
hy. the. nnial eakaktiaitt) d wttl be eisity dedteed horn It; 
alM^ them^wilLha :no'«eo«NOti to move mm tlum thegun^ on 
one deck. 
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Art. IV.-^Meihod finding the Centre qf Gnm^ of a Sk^ 
By UttUAkD ABtfrnLL, Bsa., jiesUtani Mooter Sh^^uhigM 

qf M. Dotkuard at SJwerness, 

THB object of this sliort e^say is, to describe a method of 
finding the centre of gravity of a ship and its contents, by which 
the necessity of moving the weights on board, or applying any 
extraneous forces, in order to produce an inclination from the 
ppright position, is avoided. It will be shown, that sufficient 
data may be obtained for the solution of the problem^ when- 
ever a ship Is docked with the under side of the keel deviating 
from parallelism with the upper surface of the blocks, which 
is almost always the case. We will suppose, by the falling of the 
tide in the dock, the after extremity of the keel to come first 
n^ontaei-wUiitliebiodksifheni «» Ihia tidt cbntiiMea to 
the alter body is gradually forsaken by the water, and the fore 
body further immersed^ a constant equilibrium being main- 
tained between the total weight of the ship, and the pressure 
of the water against the imitiers^ pkrt of the body, until the 
ship is aground fore and aft. At any intermediate imtanty the 
ship may be considered as a lever of the second kind, of whiek 
the fulcniiii is the transverse line or point of contact of tlie 
keel and after block, and the power and weight, the weight of 
the immersed volume and pf the ship respectively; each acting 
in the vertical line passing through its centre of gravity. As 
we can, by mensuration and ealciflation firoiit the draught of 
the ship, easily find its weight, that of the immersed volume, 
and the perpendicular distance of the line of pressure from the 
fulcrum ; in the equation of the moments, the distance of the 
vertical line passing through the centre of gravity of the ship 
is the only unknown quantity, which is therefore readily deter- 
mined. AN (Fig. 1 4) represents the water-line corresponding 
to the floating position of the sh'ipj and KL the observed water- 
line just previously to the fore part of the keel touching the 
blocks. The tine PBO, perpendicular to AN, paMes through 
the centre of gravity of the displaced volume AFMN^ and 
consequently through that of the ship. Diraw QH trough thiT 

B 2 ^ 
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centre of gravity of the Totvme KFML, perpendicular to KL^ 

and FG through the fulcrum F, parallel to QH. Then, putting 
the total displacement AFMN = V, KFML = t?, and GH = 
if', if the line SEO, pariOiel to QH, be drawn at the distance 

GE from G equal to ^ » it will, as well as PBO, pass througii 

the centre of gravity of the ship, which will be in the p<^nt 
of. their intersection. 

To obtain, from these considerations, a general expression 
for the perpendicular distance of the point O from the water- 
line AN, draw AD perpendicular to EGr, and meeUng it, whei| 
produced, in D ; and, having calculated the values of AB and 
GE, put AB = a, DE, or DG + GE = d, and the angle of 
inclination between the water-lines AN and KL a; then BO 

~ (co^A'^*)Si^A^ ^^^^^^ must be set oif upon the perpen- 
dicttlar PBO, above or below AN, according as is 

' ' ^ COS. A 

greater or less tlian a* 



Art. V«~11ii{e», meiko^alfy arranged, of the Elementf, 

essential in the Construction of Ships of War of all 
Classes; with Suggestions for their Improvement :. but 
more par^/cuUxrl^ eaxn^l^ied tti the Class of Fr^ates^ 
By John Wilson, Esq., qf the Navy-Office^ London^ 

The following Tables contfiin the principal elementii of 
ships of all classes or sizes. They were first formed by the 
writer of this article in 1814^ and may be found very useful 
at this time, when projectors are springing up, in all parts of 
the country^ by preventing those mistakes so common to 
novices in construction : such as making the displacement so 
small, that the vessel's ports would be so near the watLr as to 
render her partly useless as a man of war ; or, if this error be 
avoided, by a common practice of taking the midship section 
prindpat dimensiooa of another vessel of the same force^ 
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sdil the aame inutility may arise^ for want of the proper 
stability, as this defect will render it impossible, when the ship 

is sailing on a wind^ either to elevate the lee-guns, or depress 
the weather ones, sufficiently for the shot to hit an object at 
aay reasonable distance. 

The tables are constmcted in the following manner As 
all the dements of ships are in proportion to some pouter of 
the length (the displacement, for instance, being as the third, 
the moment of tlic plane of flotation as tlic fourth power, and 
so on of the rest), it follows, that if the lengths be placed in a 
certain ratio to each other, all the other elements will he in a 
certain, though different, ratio to each other | or, in other 
words, each element will form numbers in a geometrical pro- 
gression. It has just been ssid, by way of illustration, that the 
dibpiacement is as the third power of the length : were this 
precbely the case, tables could be dispensed with i but expe- 
rience has pointed out that the displacement increases in rather 
a greater ratio. The like may be said of the other elements. 
It has therefore been the olject, in the tables^ to find out thoee 
proportions which experience has given, in ships of all sizes. 

The first column gives the ships* names from whose elements 
(which are inserted in a different type) the table is formed ; 
the second, the number pf guns ; the third, tlie weight of one 
round of shot, supposing the ship to carry all long guns, — a 
forty-two pounder carronade being; reckoned as a twelve- 
pounder long fi^un, as it is nearly of the same weight 5 the 
thirty-two, twenty-four, and eighteen-pounder carronade, are 
estimated, for the same reason, a^ the nine, six, and four- 
pounder long gun, respectively. The next three columns show 
the proper size of the ship, to carry the weight of metal given 
ill tlic second and third columns. It may be projjcr to observe 
here, that the quarter-deck, forecastle, and roundhouse, are 
accounted as fractional parts of a whole deck. The last column 
but one contains the proportion which the masts and yards of 
one ship bear to those of another. And the last columq gives 
the moment of stability; that is, the weight of the ship, in tons, 
multiplied by the height of the metacentre, in k-c-t^ above the 
centre of gravity. 
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The elements placed opposite the ships' names, are not in- 
cluded in the regular series of iiumljers ; tliey are tlierefore 
^stlBguished, ia th« tabl^ by being printed ia a xlifferexit 
typ«. But it is neeassftfjr to lenark, that the elements of all 
the ships were not made use of in the Construction of the 
tables : those, principally, which have the column named 
.** Moment of Stability" filled up, and a few of the others, 
were used y the remainder were added, for the sake of com- 
parison^ after the tabular numbers were completed. 

It is a well-known fact, and easily accounted for on theoretic 
principles, that ships of a larger size are superior, in every 
respect, to tliosc of biiiallei dimensions having the same number 
of dspks, and carrying a proportional force. From the pre- 
ceding table, ships of any size may be constructed, having all 
the properties of the best ships of each class which weve in 
esdstenee m the last war; but if we wish to improve our ships, 
we must, from what has just been observed, have tables of the 
elements of ^hips of larger dimensions than those already given. 
This could iea4ily be doue fpr all classes ^ but as both our 
three^ and two-deckers are afaready so large, th«t it is dtfficidt 
to procure-spavs to lenw fiw theiF to p mast i j it would b« of 
little use to make tables for those classes: not so for the 
frigates, the largest of which, at present, only nvjuires a seven- 
ty-four gun ship's masts and yards; a table is, therefore, acMcd 
for ihem» f^rmiMl f<Mr vessela of various mx$^ from 208 tp 1500 
tima. This table is extended upwards, so that a frigate con- 
structed from the elements in the first line could carry the same 
quantity of ^^ail as the five-decker in the preceding table. The 
line marked (a) contains the elements of a frigate that would 
reqiiifa » iistHrmta'a matts and yarda; thpsa abova that line 
roust be considered as purely speculative, unless a different 
mode of masting is devised and adopted from that at present 
in use. The column for the number of decks is omitted, as 
inapplicable^, in this table, and one for the tonnage is inserted 
in its place* 
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. The reader will perceive the almost perfect coiBcidene* 
between the elements of ihe ships; and those of the table, in the 

line immediately above ^ and from that coincidence, and lecol- 
lecting that the numbers in the column are in a geometrical 
progressioni which connects the elements of all the ships^ he 
wiU feel a confidence^ in confltnictiiif from these unmhen^ 
Boperior to what can be derived from theoretic principles alone^ 
until the science of naval architecture is n^uc h farther ad\'anced. 

The " Number of guns" in the second column may be varied 
according to circumstances, but very little alteration should 
take phuse in the weight of a round of shot. . In placing the 
giinsi the largest size should be on the lower gun-deck; the 
next size, in the usual progression, on the deck next above ; 
and so on for the rest : but if, in large sbipR, the second tier is 
to be of the same weight and calibre as the lower tier, then 
the guns in the upper tiers must be proportionally smaller* 
The number of. dedw m the fourth eohinn cannot be aHtred^ 
(without corresponding alteration in the other elements,) but at 
the expense of a vessel's good properties. The lena^th and breadth 
given in the tables are derived from the best ships ; but if the 
vessel be made five feet longer and one foot narrower^ or fivQ 
feet shorter and one foot broader, she will retanij very nearly, 
the same good qualities, provided all the other elements be 
conformed to ; indeed, in building small-sized ships, of the 
same number of decks, and of a proportionate force, as the 
common ones, the latter supposition should be adhered to : 
hut soeh ships.ought not to be built, it being better, in all 
respects, to have them of the class next below* The proportioq 
pf length to breadth, for brigs, should be as a hundred is to 
thirty ; and, for cutters, as a hundred to thirty- five. The num- 
bers in the remaining columns, including those in tlie column 
headed Number of Decks,'' will not admit of anyjdteration 
^thout injury to the qualities of the vessel. 

Other columns might have been added to the tables, giving 
the minutiae of naval construction; hut as they are continually 
varying, and as it would have swelled considerably the siae of 
the tables, they have been omitted. The rate of sailing would 
have been a very valuable element in the last table, if it could 
haVe been ascertained! but incomplete as the science itf naval 
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krchitecture is, that of seamanship ii Infteinparabfy tnofe so j 
and the necessary result of this state of the science is, that the 
me of sailing of a ship is so variousily reported, at different 
tlmes^ that nd aeciirate measure can be dbUuned, and we can 
cmly aeqttife the generill notion already ^xfiressed in llie preU^^ 
minary remarks to the lase ttWIe, — ^tliat4!he larjf^er the ship, the' 
better are her qualities. The area of the midj^bi]) section, wliich, 
for an individuai ship, is an essential element, because it pre- 
sdfbes the form^ Is, for that very reason, not inserted in the 
tabtes ; It being decnied llnprop^r to trammel the ikncy of the 
^bnstnictor on a -Biifcject the importance of which Is hot y^ 
decided. 

Useftil tables could be constructed, on the same principle as 
the last, not only for the next inferior class of ship*^ of war, 
ilfilch would contain corvettes and brigs, biit also for steam-- 
▼essels, and yachts t these three classes, it is presumed, would 
include all that constructors would find serviceable. As for 
English merchant ships, tables of their elements would, at 
present, be entirely useless ; for it would appear, they cannot 
be constructed amiss, provided they hare a run, sufficiently^ 
clean', to admit of action of the nidder. If they are full, 
they are capable of carrying a huge cargo, and this gives them 
the character of good ships. If they are sharp, they can carry 
but a small cargo ; but then they make their voyage in a shorter 
time t they are, therefore, thought to be good ships. If they 
are too narrow for their depth, their stability is made good by 
a greater quantity of ballast ; and if they are too broad, they 
are made easy, in their rolling motion, by the omission of a 
portion of the ballast. That these re presentations of the low 
state^df the mercantile shipping of this country, are not fan- 
ciful, any person may be comnncedf, who will take the trouble 
tO' examine tlie forms of any tai^ge collections of our merchant 
ships. Even if the only condition, mentioned a1)ove, is not 
attended to, and they are built so full abaft that the ship steers 
badly, (a case that frequently occurs,) the builders have a 
remedy in aiddhig another stern-post abaft the one originally 
put in the ship ; which, by bringing the rudder abalt the dead 
water, gives it sufficient influence in steering. 
' The calculations in the tables were made on the supposition 
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%i die flhlp* hetng tatlt of ^ Mil teleriilii hat if k i^ kid 

mWM toboHd mfir tfiip, a <^DisplaoeiMnt'' last tktn that 

in the taljles, is requisite ; and if African oak is to be used in 
the structure, a greater displacement wiU be wanted. In gene- 
raly it will be neeefsary to make calculations of the dil^Miiot la 
the weight of every sort of material that varies from that of 
Wl»eh ships afe eafinttoaly built* Tlis is a gt^eiit laboar^ and 

sometiines must be encountered ; but the method detailed irt 
the following obbet vaiioiis, will, for frigates, be found greatiy 
to reduce that labour. Several 46-gun frigates hare been 
baiisof redpiiae^of txaotlytbesaaiefoni ami dimoosiotfl^ ami 
simbets of the saiw sise as fbe beia^ wbasa aliniMAis aps 0««ff 
in the tables. The weight of a ship built of red pine, when 
launched, was 572 tons * that of the oak ship, the I^da, in 
similar circumstances, was 739 tons. The specific gravities 
of fed frnie and oak ane^ d6Q and 657 respeotivelytf Now, in 
order to fed ivhat part of t&a weighc of eaeh ship wis iil 
proportion to the specifie gravity of the tbaber of which she 
was jjriiicipally built, we must find out a weight that was ccmi- 
nton to boih ships, on account of the decks, port-timbers, coaH 
pass, Of wry erookod timbers^ keel, and metallie last«iiklg% 
being of the same materials in both ships* Jf m wi the weigBi 
of the oak diipyss' m the weight of the fir ship, # m the spa^ 
cific gravity of oak, and s' = the specific t^ravitv of red pine, 
and c s= the weight conimou to both ships, we shall have w 

c .to — c =z 8 I s I Irom wiiich we niul c sa — ~ 

1 97r th^ i««|$h(^ in ^ Ihe'maSerials oommon to both sll9ps : 

this leaves 542 and 3/5, for lhat part of the weight of tlie ships 
which is in the proportion of the specific gravities of the timber 
of which they were respectively built. If it west lequind to 
hviild eich a siiip of larch timber, instead of red piae,.the abow 
earn of 542 tons mnsi be vednced, in th# prapoitioii of Hhe 
Bpccihc gravities of oak and larch timber : that is, as 950 to 
531. This gives 305, which, added to the common vv eighty 
197^ the sum is 502, for the launching weight of a 46'gun fri- 
gate biiilt of Utfeh timber : Ihia is 2^7 tons less than the ship 
jriSikt of oak timber, and the totd! displaeement ought So be so 
Miuch It&a thaa that giveo ufr th^ .tabk^ for. a sUp^- of such a 
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■iife. ' As it k found that tibe weight d the hull beart a regular 
protN>rtion to the ' vvhole displacement, hi ships of all mflljg;ni« 
tudes, it will be easy, from the above numbers, to. ascertain the 

weight of the hull of any sized frigates luiilt of timber of any 
specific gravity, and thus to regulate the displacement accord- 
ingly. 

That the *^ Height of the porta from the water in midships 

is essential, as connected with the other elements, is'macfe 
obvious from the following consideration : — ^That height deter- 
mines the position of all the decks, with the guns, boats, top- 
sides^ anichors, men, &c. ; and, if the quantity of sail be con- 
stant, it determines the length of the lower masts : all these 
things afflict the centre of gravity, which, joined to an altera- 
tion in the height of the centre of elTort of the sails, greatly 
iafiuencca the stability ; and, consequently, the qualities of the 
ship are affected by it. It is not intended to assert, that 
the heights of the ports, given in tiie tables, are the best that 
can be' adopted, but they are derived from the practice of all 
nations, bhould it be thought to be an improvement to alter 
the height of the ports,— to raise them, for instance, — the 
influence it has in diminishinif the stability, must be ealculatedj 
and, in order to counteract that influence, ballast must 1)6 
added t tliis will increase the displaeement, and, consequently,* . 
the resistance ; to overcome which, more sail will be rcciuircd^ 
and, if the " Moment of the plane of flotation'* be enlarged 
sufficiently, the ship will be enabled to carry it, and thus pie- 
serve all her good qualities. 

The ^ Draught of water in midships," as it b stated in the 
tables, is necessary, if we intend to have thcsame vveatheily 
properties as the ships from whicli they were derived : this 
drauglit of water must be maintained, whether the ships are 
long or short; fi>r, thdugh a long. ship has a gteater hold of 
tbe water, to keep her to windward, than a short ship, yet she 
bas a proporCionri increase of topside exposed to the wind, to 
drive her to leeward. 

As ships have always been built without their positive stabi- 
lities .having first been ascertained, it may be thought that, to 
insert in the tables what is indicative of the same,— -namely, 
thdr ^Moment of stabili^/'*^^ only a matter of curiosity. 
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But, independently of the ttradaace of the «ii|»mcal mod% 
of making one ship the same oompaiative etabiiity a$ another 
of the same size^ it is really necessary, for a ship of an uncom- 
mon class^ or for one that is greatly altered, to compare the 
force of the wind on the sails to the moment of stability, if we 
wish to escape the risk, and consequent disgrace, of a total 
6uliire. Another consideratiop^ which is^ indeed, of paramoimt 
imp<Mtanee, is, that, from the real stability of a ship, we may 
possibly arrive at the true theory of the resistance of fluids, or 
at least, by it, we can try the correctness of any theory that 
may be proposed, as it will certainly afford us the measure of 
the force of the wind on the sails, both transversely and ion* 
'gitadinally, by means of the angles of hedingi and of the 
depression of the bow. 

The "Builder's tonnage" is iiiseited ia the table, because, 
notwithstanding all the objections to it, it better chai-acterizes 
the size of a ship (which alone should be understood by the 
term) than any other element. It also correctly determinea 
the number of men proper to navigate the ship ; for the two 
principal dimensions, the length and breadth, are equally in- 
volved in the builder's tonnage, and in masting the ship ; and 
it is the magnitude of the sails (which depends on the mast- 
ing), and not the quantity of the cargo^ that limits the nnmbtr 
of the crew. It is desirable that any iiiture attempts to im« 
'prove the 'mode of finding a ship's tonnage, may commence 
^th a definition of that term : for, while some suppose the 
term to mean the weight a sliip will carry, others suppose it 
to mean the bulk which the hold will contain but the greater 
portion absurdly endeavour to combine these two things 
together. 

As some of the readers of this work may be of opinion that the 

stability of a ship, as derived from the metacentre, is very 
erroneous, it becomes necessary, in order to prove the utility 
of that element in the tables, named the " Moment of the Plane 
of Flotation," to contrast that mode with the <me demonstrated 
by Atwood to be correct. Some time since, a gentleman of 
great mathematical attainments, and who had been used to 
•Atwood's mode of finding the stability of ships, together with 

.the writer of the present ariide, undertook the ilerculeau task 
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of findlDg . the exact centies of gravity, aud from that the 
atAhUlty^ by Atvrood's method, of two frigate* having the mm 
^fiiiiettt9» but iuieh iib»iiiiihir forms that one would have the 
greatotty and the other the leaat emersion and immersioit^ when 
inclined, that ships could possibly have. After proceeding a 
great way in the investigation of this problem, so interestiug to 
naval architects, they were not allowed to finish tjheir task ; hut 
lenough had been done to 8tat«» that, alt 12 degrees of inclina- 
tbn, the ahip with the greatest immerekm aad emersicm had 
fnote stsibitity than the metacentric method would give, aad 
the other sliip j-^^ less, — making, betw eeii the two, a difference 
of Now, as both ships must have the same total displace** 
.ment, aud as the above difiference arisee aokly from the 9hip 
with the least calculated stability having a smatlet partem of 
.displaetmeBt naar tbib watsf-llne than the other* it ft>llow« that 
she must have a greater portion at some other place, which place 
will be near the keel. This will cause the ballabl and all that 
k in her hold to he placed lower, which will lower the centre of 
,§nmty of the |dn|> so much that it vill dimmish the difietcace 
-above, given almoit to nothing. It thua ap^teaiay that the 
operoee and retrograde method of Atwood, to find the stability 
ought to be superseded by the more el^ant and easy method 
t)f Bottguer, by tiie metaceutre, 

> From the tables^ and more particularly from the principle 
.whkk haa beevi eaqdaineii^ on whieb the Uv^ was oanstmctedi 
imprawemtnts in every class of ships of war may be mad^ to aii 

extent limited only by nature, in the production of materials^ 
aad by ths iaveotioA of man, in their appiieation* 



Asiv Vl.^^ E^mhaUtm M» <ftt JSmn of Ships' Bodies, 
m connexion with the Passage of the Water, with a 
view to dimover a Frindple common to the Form tf 
afi faxt-^lki^ Vesselt :-^hy the Bight HommnMs 
Lord Viscount Mandkville, M.P., ^c. ^*c. Comnw- 
uicated by John Knowles, Esq., F,R.S. 

Thb design of the folhjwing paper is, to endeavour to dis- 
cover, in vesseis built by persona who h^ve only prafitieal 
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knowledge, those principles which have been laid down by 
scientific men. It is not to be liaiied, but that tiaali veiseia^ 
built by practical men, are often superior to those constroeted 
upon scientific principles ^ and it is not surprising, that fhia 
has given oecSskm to ignorance to despise science, and say,— « 
** There is no knuwiup: what salt water likes." The writer 
bopesy that having no otiier yiew than the elucidation oi truths 
he may be ihoa|;ht free from violent prejudice^ either on the 
one side or tlie other, and at least be useful by inducing others 
nther to refute or confirm what he advanees. 

The characteristic features of vessels built by practical men 
are, great breadth, and a great rise in the floor. But it appears 
to have been the opinion of most mathematicians wIk> have 
studied tlie scienee of naval arcfaitectHre, tluit in order to reduce 
tike plane of rcnstanee, the hreaddl of the vessel ought to be 
dindmshed ; and it becomes a matter of oouis^ that a narrow 
vessel^ in order to have the requisite displacement, muat have a 
flat floor. . 

Figs. 15 and 16 represent the midship sections, or planes of 
rasistfuice, of tivo vessels^ > 'the one with a flat floor, the other 
irith a great rise in the floor ; and the part immersed of eaeh« 
being composed of the same number of equal triangles, must 
of course be of equal surface. The question, then, in the first 
place, is, — which is the better adapted for stability ? Now the 
one would have twenty, whereas the other would have upwards 
of twenty-seven, het beam : so that the lever of support would 
be more than one»third longer in Fig. 16 than in Fig. 15 ; and, 
in addition to this, the ballast in Fig. 16 would act upon a lever 
longer in the same proportion. 

Fig* 16 would not only have greater stability, but, when in 
motion, would not disturi) the water so much as Fig* 15) that 
is, the curves in the cBrection in which the water would be 
divided, and in which it would close, are narrower in Fig. 16 
than in Fig. 15 ; for the water will escape in the direction in 
wlucb it hads least resistance, or, supposing the curves in other 
respects similar, in the direction of the narrowest curve. For 
the run of a vessel with a midship section formed like Fig* 16 
' may be tapered in the form of two wedges (Fig. 17) : the one 
irom the lower pait of the bilge of the midship section, where 

i2 
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it is deep iii the water but narrow, tapering to a vertical edge, 
-<*-ihat isy the atcni-pmti t^e other from the upper part ol 
the midship sectioii, where it is broad hut shalkyw, tapering 
hotizontally to the eounter : 1^ which the aiif^e of the taper, of 

the stern would be diminished nearly one half, and the two 
currents of water ^vill diverge, or, in other words, the water, in 
escaping from the upper half of the midship sectioOi will resold 
from the direction of the ribbaiid*lines, or diagonak, to that of 
l^e Jrattock-linesi or perpendiculars | and from the lower half 
of the midship section, from the direction of the ribband-lines 
to that of the water-lines. 

But the ran of a vessel whose midship section is formed like 
Fig* 1^9 must be tapered almost entirely in one dimtton ; that 
h, from the bilge to the counter : then the water ftom tUHter 
the floor escapes upwards, In the direetfon of the huttoek-lmet; 
and the breadth of the curve it has to describe, is the whole 
depth of the bilge ; and the water from the sides of the vessel 
escapes horizontally in the direction of the water-lines^ which 
makes the 'breadth of the curve it deseribes^ half the esctreme 
breadth of the vessel,* and the length only part of the length of 
the taper of the stern, when tiie two curreiits of water (the one 
from under the bottom, the other along the side,) must converge, 
and cause those eddies in the wake which always appear when ' 
* ft vessel of -that form is going fast dirough the wat^« I think 
tvest-covntry-^built vessels are, m this respect, not so iaulty a» 
those of the eastern coast; for, by sinking the counters lower, 
they decrease the curvature of the taper of the stern. 

From what has been said, we may see the necessity, in flat^ 
floored vessels, of limiting the breadth and depth as much aa 
possiMe* But those vessels, not impelled by wind, or any 
power that requires a held in the water," may be advan* 
tageously built ^vith n flat floor and shallow draught of water, 
as we see instanced in Deal rigs. And even sailing vessels may 
be so built, when their rig corresponds with their form^ .as k 
exemplified in luggers, — that being the rig with least gear and 
weight aloft ; but then their unhandiness In working, caused by 
the ^reat length required to spread the necessary (jnantity of 
canvas, limits the use of that form of vessel and rig to those 

situations and circmBStances where they are enabled to '^saU 
vpon a stretch.*' 
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We may also 8ee how mischierous is the English rule for 
measurement of tonnage ; fori speaking in romid nttmbers, mp* 
posisg the braadlh of one msel to be one-fourthi and of ano* 
tlier to be one-third of the length, each having the same capa* 

city, and eighty feet in lengthy the one would measure 170^ the 
other 310 tons. 

it also follows^ that the flatter the floor^ the cleaner the run 
should be: and apparently from these sourees^ and partly on 
account of our mud harbours, we may trace the cause vhjr 
English vessels, when bailt with a greater fine in the floor, with 
the intention of increasing their velocitv, have not such hand- 
some runs as those of America. For men who have been in 
Uie habit of building vessels with a flat floor, and who have 
consequently formed the run thai the water may escape in the 
direction'of the buttocMines, having built only from experi«' 
encc, or from the eye," as it is called, when altering the 
form of the midship section, still think it necessary to have "a 
clean run;'' when, in fact, the water irom below ought to escape 
more in the direction' of the water-lines : and, if these be 
inflected curves; there' Is a great loss* of power, without an 
adequate, if any, decrease of resistance. To give an instance 
of this : — A practical bhip-buildcr, who saw the Royal George 
yacht, thought the fulness she had a little abaft the midship 
section, was unfairness," and unintentional, and that she 
would not have been' built of that form, had a^model b^-fitaC 
made, whteh might have^ been- corrected by the eye; It is 
needless to add, how very superior she has- proved. ^ 

As a vessel formed like Fig. 16 inclines, she presents an in- 
creased surface for support ; and, the water pressing obliquely 
agunstavery much larger sorface to leeward than to wind* 
ward^ tends to make her weatherly; which is the only way I 
can account fi>r the saying, oommon in Beimuda, that their 
boats, which are built with a great rise in the floor, ^ fetch to 
v^rind^v ai d of the place they look up for but this only holds 
good wlien the centre of gravity is low. 

Having, as I conceive, proved that a form approaching to a • 
triangle is much superior, for a midship section, to that of a 
square, I will now consider whethef some modification of thie 
priuci|)k might uot be still better. If a portion were taken 
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from ^ lo«wr part of Um Iritufloi a4ded to IIm upper 
par^ a» r^nemted by Fig. 16, tho piano of roiiataiieo would 
•till bo tbo ■amo Mie, but tbo ttrength of tbo Ibmi woidd be 

greater ; as below there wcmlci be a convex surface wiUun, to 
ofter resistftuoQ to the weight of the hallaAt, aud above there 
would be a convex; surface to offer resistance to tbe pressure of 
water from iDitftottl. 

. This fi>rm would deeraase the lee-»way> for tbe watar umld 

uot escape so readily along an inflected surface. ■ 

But the principal advantage woiilrl be, that, in inclinina^, the 
^hip would roll more easily, and the emersion aud ima^eiBioo 
would be more equaliaadi but this oagh^ as More observed^ 
to be governed by the position of the oenire of gniflty» Whan 
the centre of gravity is at tbe water's edge, emersion and 
iiiimersiou should be equal ; consequently, the breadth ought • 
to be the same for 1 5 degrees above and belovv the load- water* 
line, supposing that to be tlie greatest angle of inelwiatien $ 
else, were the inHnersion -greater than tbe emmlon, tbe vessel 
being buoyed up, woidd beoome less woatharly. 

The ^ect of the change of position of the centre of gravity 
may be instanced by the fact of many previously fast-sailing 
veaselsy sailing iU when brought into His Majesty's service, and 
undfigohig tho Alterations and additiom of gan% boam^ 
bttlwarks, and othw heavy upper worhs, by wUeh the centre of 
grari^ is ndsod. That behig the east, if they in any gteat 

degree fall In below, and fall out above the load-water-line, it is 
evident that, in inclining, the vessel must become leewardly. 
But when the centre of gravity was low, the vessel's stability 
pro ceeded from the ballast acting upon a lever, tha Iciiglh of 
which was from the aentie of gravity to the extfeme breadth of 
the part immersed to leeward* 

Immediately at the surface, the water, in the centre of the 
vessel, must run nearly in the direction of the water-line : this * 
m^ be a slight additional reason why the timbers at the load- 
water-line ought to be parpendioular to tiia suilaca of tlia 
water 5 but the water does not run lioriaontalIy,*-eitfaer at the 
bow, as there a ^ve is formed, or at the stern, as there ano- 
tiier wave is formed ; and the cleaiier the run is below, or the 

more sutkkoiy it is farmed, so the fuller sl|ould bf the watar* 
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fmtn all directions to fill up the vacuum, and will sink moie or 
less at the counter, according to the space to he ftlled up* 

I will now consider the form of the curves, or lines, in the 
directioii in which the waler is dhrixted^ mud in whieh it doses* • 
By many veMela of perfectly dUfiwent knrtm aatting nearly 
equally well, apparently the only thin^ conceived necessary by 
,practical men, is, that the lines should be "fair curves,'* with- 
out any one particular curre being supposed better than ano« 
ther» The fact may partly ariie firom the iAcreating ratios of 
resistance to velocity, but partly also from the water escaping 
in the direction in which it meets with least resistance. So 
that, wIuitovtT mav be the form of the vessel, the lines in the 
direc^oii in which the water is divided and closes, may not be 
* so very dlifferent $ though practice seems universally opposed to 
the conclusioas drawn from the experhnenti tn#d hi tha yeaia - 
1-796 affd l798t Tiff., ''that a long parallel body, termhiating 
aC each end in a parabolic cuneus^ is'the form best adapted tor 
velocity." 

• Most of the iMt-saHing vesselsi such as the smu^llng tes eele ' 
on our eoastt^ arebttttt ''by the eya :''that Is, a flftitfehtpftania • 

is put up ; then the planking is put on, and only Horeed out a 
little at the bow ; the timbers are put in afterwards. Thus the 
I fdrm of the lines must be the natural curve of the plank, or 
iKarly so ; and by dinker-built vetads sailing quite as last as 
, canrel-built^ it appears evident that (excepting hnmedlately at 
the surfeee) water is displaced and closes in the direetlon of the 

planks 5 otherwise, the resistance would be great at the edge of 
every plank, or "land," as it is called.^ Now this curve, 
in these vessels, must he nearly a catenary, which I therefore 
think is probably the best. I speak with great diffidence, but it 
appears to me that the* curve a chi^ would take, trith an equal ' 
weiglit in every part, would offer equal resistance in evei-y part. 

There seems to be a peculiar adaptation to circumstances in 
the catenary ; for if, in order to obtain the curve of least resist^ ; 
aace fi/t a different rate of vdodty, one of the points of sua* 

pension be made more or less horixontal, all the required altera*- 

_i I ' - • * - ■•' - . - . . . . . 

1 1 am taatbiiais Mfc WlM, oT fta Ntvy<Mkt, for drfs ^faMrvatiafc ' 
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tion takes place. For instance : for a velocity not exceeding 
five miles in the hour, let the two points of su&penskm be 
horizontal ; then the extfeme breedth will be^in the eentie, 
and-the boir and ^^mtk will be equally netifee.- But to get a 

cun'e of least resistance for a higher T^oeity, one of the pohita 
of .susjKnsioii must be elevated, when, at once, all the altera- 
tion takes place: that is^ the breadth is removed farther for'** 
w«rd, the bow beoomee nMre fiill^ and the length oi the taper, 
of the atem ia increased j while^ at the same time^ the propor- 
tion of the ibre and after bodies is, in a certain degree, pre- • 
served. Here I cauiiot lelp remarking tlie ab&urdity of the 
common obaervation, ^' that the form of a fish is the best model 
to copy Ibr, taking the argument on which this is founded, 
that natttte^ or, rather, infinite wisdom, best adapts every thiiig 
for the purpose for- which it is intended, and that fish%iust be . 
so formed as to luovc with the greatest ease ia their own ; 
element, it is evident theii ioim must be suited to their velocity,' 
which is far beyond that of the fastest vessels 3 and thus we see, 
in the dolphin, (which I take, supposing it to be the fleetest, 
fish,) the extreme bteadth is fartiiest fbrward,«--l should con- 
ceive not one twelfth of the length from forward; and the taper 
of the stem is also of course very long. This observation oulv 
relates to the proportions of the curve ; not touchii^ another 
gfsat diserepaney,— -namely, the fish being wholly immersed in 
the fluid,— there nnght be also another reason s the increased 
propelling power in the greater length of the tiul. This brings . 
me to the next consideiatiou^ liainely, the situation of the ex- 
treme breadth : — On account of the position of the centre of 
gravity, I should conceive the extreme breadth ought to be very . 
nearly anndships. I would agree with Chapman, or theFrenel^ 
fifom one-twentieth to oiie*twellth of the length" before the^ 
centre of the vessel: but there is a greater consideration, 
namely, the probable average velocity, ia connexion with the 
necessary breadth ; by which I mean, that the situation of die 
* extreme breadth is not of so much consequence as the angle of 
the taper of the stem. In high velocities, there is a long 
vacuum which a taper stern might fill up, without increasing 
the resistance, though with a great increase of vis instita ; 
wbereas, iu iess velocities, it . would be more . aibrautageous. to 
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dimliush the fcead-resistance, by makinij^ the angle of the bow 
more acute, A London wherry is a practical exemphhcatiou ; 
III it> the extreme breadth at the gunwale is very for alU Noir» 
wlm lights uid without aitt«n^ and'ahe is able to attain aceily 
the velocity of five milet in the hour, the extieme breadlhiof 
the water-line is amidbhips ; but n.s all increased weight is put 
abaft the centre, when she is Iicavilv laden, and only able to 
attain half that velocity, the extreme breadth of the thea 
water-line is removed far aft,, though she would be still neatly 
4m an even keeL FVom the experiments made by the Soeiely 
Imr the Improvement of Naval Architeetare, it would seem 
necessary that the length of the taper of the bteiu be three 
times the breadth ; and this point, I think, for any vessel whose 
velocity is intended to exceed five miles in the hour, ought 6rst 
to be attained s after that Is secured, the nearer the eximaa 
breadth is to the centre of the vessel, the better* 

With respect to the bow, a short ship cannot bear so sharp 
a bow as a long one can; but a lull bow will iniike a vessel 
carry great weather helm. In the experiments of the French 
Academy, on. the resistance of bows of different angles, firom- 
180?. to 12?, varying 12? in each. experiment^ the gi(eatesi 
diffierenoe of resistance was between 96? and 12?, more or 
less, and the difference between each of the others decreased in 
a very great ratio ; which inclines me to believe, that some- 
where about sixty degrees is sufficiently acute for the low^ 
velocities, and.iu the higher velocities the bow ought to be as 
full as eighty^degrecSy^as the water, in inpingm^ flies ol^ and 
thus you procure increased vtf uit^ito, without proportionably 
increased resistance ; so that the bow may vary between sixty 
and eiglity degrees, according to circumstances ; and this will 
embrace the vaiiety that .Uicrc is among fast-sailing vessels. 

Perhaps the same cause that prevented the runs of English 
vessels hom bemg of the best form, might have necessitated 
our architects to study more closely the form of the fore body ; 
and I think our bows are superior to those of America. And ' 
in thvi the vesseb of the south-east coast have the advantage 
of those.of the west coast. 

The concavity in the bow*timbers, which EogUsh vessels 
geuejtally. have,, but whsdv Americans carefully, avoid,, giyes 
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more support in pirching. By referring to Fi^. 18, where, in 
lh% two bows a d and b b\ the capacity is equal, the capacity 
for Buppoit In pitching la gMtter in tbt w» tiMW in the ocberi 
Vy llw dittuM ftom o iv^il. Snt kt m rifer tn wliat wm 
befbfB menliofied, with respect to fk» nm ; nsmeiy, the wnter 
escaping in the direction of the planks : and these i)l:mks hein^ 
parallel to the surface of the timbers, a line drawn at right 
ingles to the ilmbm will deacribe their direction^ mee^c tf^ 
tdy4 Ikt here the object to be attained Is exactly tho 
femse cf what it was In the former ease : the ran Is formed so 
as to induce the water to escape from the midship section, in 
that direction which would make the angles of delivery the 
most aeate possible ; bat now the oljjeet is to Induce the water 
to go from each part of the stem to that part of the midship 
eeeiton which' wKI form the curve of least breadth* 

But though the form must be described by lines, our views 
wiii be more correct by bearing in mind, that that which is to be 
overcome is the resistance of a, film of water, lapsing from the 
direction hi which it is first divided (namely, vertically bf tho 
stem) to th« diagonal direction at the midkhip section, where 
it begins tO close. And this will be attained, by gradually 
altering the rise of the bow-timbers from the angle of the floor 
to the vertical direction of the stem. And it also appears, 
that the best mould for aU the bow«tlmbers bdow #hat wHMm 
the sarfoce of the water when the veesel Is la modon^ will be 
nearly the form of that part of the midship section which is 
below the water, the curve of each timber being s:radual}v less 
inflected j but if the hollow be made more concave, or the 
swell more convex, the water will be disturbed more than' ia 
nec^Bssary* 

FVom what has been end, It appears that every thing depends 
^dn the midship section : not that the extremes are not of 
consequence, but that the form of the extremes must, in a great 
meiBtire, depend iipon that section. We may aho notice, that 
the extreme breadth of the Ctarves depends, not upon the ex* 
treme breadtlr of the ve8sel,'bnt upon that diagonal line which 
divides the two wedges by which the run is formed j and this 
line I consider the master-line, 

I have aometimes thought, that there is a double resistance 
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to be considered : the one in the direction \n which the water 
glides along the sur&ce of the vessel, the other in the direction 
of the vMwl'fl couM) and, with raipMt to Am latter, tlM fom 
af iitt wftter^linii mmt ha aooiidtred, and upon tbm m M 
nveh depend the wmthtrly p r opt f t i e e of the vwnl . Tliw ma jr 
Recount tor a strai^htness, and iomeiiuies even an abruptnefs, 
in tiie water-lines ul'the bow, which, when the vessel is inclined, 
gives great weatherly properties. A ship^s carrying weather* 
fadm is conudered indicativa of ber beiag weatherly, aad i 
think justly : for the aame aanaa, namely, the water premmg 
obltqndy agauift a large sivAce to leeward, produ<^ the two 
effects. 

r Too great ardency can be, and indeed is, in ail Mnall £ss^ 
aaiiifig vessels, eounteracted by the wssel's having a- grealw 
drai^ht of water aft than forward j aad m this theM ia anothat 
advantage : when sailing on a wind, a iwesel is able to earry 
moic after-sail, and the carrying less head-sail in proportion 
will greatly ease her in pitching-. I remember the draught nf 
water of the fastest sailing boat at Bermuda, wag 2 feet 6 inches 
fefwardy aad npwarda of 7 feet abaft, aha biing only eight^^d^ 
twantf he% hmgi hot than they hawa an aitfamely mMdl jtb| 
attd amy large mahnail, with a long boom over the ttsnu 

Vessels built bv practical men have the after part above 
water, or the counters very full,— I suppose in order that the 
aana ol iaolinatiap may be parallel to a line drawn £kwi the 
•tem to the atam-poat, and also to the walat^Unaaj for, adian 
going a-head, on a whid, there ii a grealm* support laqmdftir 
the counter than for the bow : for ^ths water no longer preasat 
equally in all directions, having a greater tendency to escape in 
the direction of its motion than in any other ; the vertical pres* 
•nra as laet, therelbroi on the sorfiMO of the after body than 
when at rest." As we may see, in vessels hanging to bnoys in 
tide-ways, the coanters always sink aad bows rise $ hut when 
lying at anchor, the direction of the cable depresses the bow; 
and when going before tiie wind, the sail depresses it. 

One of the objections to this form of building is, the supposed 
lacfeaaad eqMnsat this, of coarse, is the ease, if a Teasel- is 



> Art. XVI., Tol. Papers oa Naval Architecture* 



Digitized by Google 



built for so much a ton, and the tonnage is measured by the' 
common calculation. But I think it ought to be exactly the 
nvane ; for it is only adopting id the./onii^ the principle of Sir 
Rbbcft Sopiuiigi's bcMitlfiil mod* of oonstrnetioiii-^^^tfaat m 
triongle 18 88 nmilterftble m the c owi p reaft ion <Mr extenMOB of tlie 
fibre of the timber will admit it to be ; whereas a square^ with 
the least pressure, may be nuide to change its form to a rhom- 
bus :''-^rom which I infer that equal atreogth may be attained, 
whh. much less timber^ in the one form than in the other* And- 
m oddidon to this, there^ cannot be ao great a tendency to 
hogging, as the support along the whole length of the vessel 
will be more e(iiialized; and this brings me to my last obser- 
Mitioa : but what 1 am now about to say, 1 can hardly call the 
diatom of praetical men generally; for, nideed, I< know not 
ibofe one or two uMtmcea. It iis giving a enmitttie to-thn 
rabbet of the ked ; but mich that a wtmA should, in no place, 
draw more water than she otherwise would draw abaft, by 
which the stability would be increased, in consequence of the 
baUaat- being broagbt to much lower; it would abo greatly 
pment the tendaney to hogging* Theprindple i« that of Mr; 
GreadMadV life boatl^.wfaidl appears to have been raggetted 
to the inventor by the following simple fact : "Taive a .spheroid, 
and divide it into quarters ; each quarter is eihptical, and 
nearly resembling the half of a wooden bowl, having a Cttr?»»* 
ture with projecting endfl. This, being thrown into the sea, 
cannot be upset, or lie. with the bottom upwards*'' This boat 
has answered, and even exceeded every expectation : the curva-- 
ture of the keel and bottom facilitates her moveinent in turn- 
ing, the boat moving as it were upon a centre. The concavity 
of -the bottom,- and the eltiptical form of the stem, admit her 
to rise with wonderful bttoyaney m a high sea,; and ao launch 
forward with rapidity. < 

Hutchinson also proposes this, and mentions, in support of it, 
a vessel that was much improved by her bottom having been 
bent down by a heavy cargo bemg put in her centre." I wiU 
ako mention the Pearl yadit, than which there are lew, if any, 
vessels better : jhe ako has a sliglit cunrature- in the rabbet «f 
the keel. 

lu recapUukUon, J would observe, the thaiig}Uiu: midship 
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section, concave bow-timbers, and the run formed for the water 
to escape in the two directions, have not only each the positive 
Mhrantage of incicasing the atability, by inereaaing tlie area of 
the load-water-line, (or, stating it otfacmiae, deereaBtng the 
plane of resistance of a vessel of equal stability,) but also of 
diminisliing' the resistance^ by contractine^ the breadth of the 
curves^ aud reducing the angles in the direction in which the 
mter panes : indeedf it appeami to me the only wiy ia whieb 
• the angle of the taper of the stem of a saifing veaael 'oan }m 
reduced to the desired acotenese of e^hteen degrees, the angle 
of tlie bow being from sixty to eighty degrees. The plane of 
lateral resistance would be greatly increased^ both by the trian- 
gnlar .midship sectioo^ as .ivell as by the curratuxe of the heei^ 
whieh would of eome Increase, the weathsrly properties. 

But, alter all, the direction the water •will take must he ^Mfr 
of lines of double curvatnrc, which would be almost impossible 
to be described or laid down on paper ; so that still much will 
remain dependent on experience, or the eye," or £urnesa" 
of form, or what is descfibed by some other snch eiprcsiion,' 
wliieh must be mgne and mieertain* It Is proper to add,*tiiat 
these observations refer to small vessels built solely for velocity. 
The Figures are merely such as will best illustrate the argument^ 
and not at all as being any form proposed for .a ship. 



Art. VII.— ^ Method for Jinduig the weight of a Ship, 
without knowing its Magnitude or Foiin, By Wji.uam 

Whhm, Eaa^ ji»9Ut0ni Mmter MUmOmii Mm. 
M4j^eity*9 Dockyard ai DemiporL 

TV iht Eiit»t of Papen m Naval JrckUeeiure* 

Thb liDllowing method for finding the actual weight of 
floating bodies, suggested itself to me, by observing that a 
7S-gun ship floated deeper in the river Medway, at low water, 

than at high tide ; and I am induced to piililisU it, because 
some of your readers may have conceived it impossible to find 
the waght of a ship without knowing her fond^ BU^tnde, 
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and displacement. I am, however, of opinion, that the follow- 
ing is the only true method by which the actual weight of a 
ship can be aooarUtnedt it is hj thity weighed «§ by hydro- 
aieiic 

JSar. I* A ship al London had her wattf^liae dinrked very 

exactly, and a certain quantity of the Thames water weighed 
1000 lbs.: on the ship arriving: at Sheerness, it required 25 tons 
additional weight, to bring her down to her watcr-iiue marked 
at London; a qoanti^ of the water in whieh ahe floated, equal 
to that weighed at London, was found to weigh 1026 lbs* ^ 
lequired the weight of the ship in air when she left London ? 

Floating bodies displace a quantity of fluid, equal in wei^i^ht 
tfi^ themaeWcs* By this principle, the displacement at London 
and Sheemess, although diffsrent in quantiqr, was equal ui 
weight to the ship ; theielbfe the differenoe of displacement, in 
tiie two fluids, bore a certain ratio to the whole : this diflferetloo 
was equal to 25 tons. It waa also found, tliat a certain quan- 
tity of the river water weighed 1000 lbs., and an Qx\\\ai quantity 
of sea water 1026 ibs. | thetefore their dtfieienee^ SGlbs^ will betg 
to 1000 lbs* as 35 tons to the wdght of the ship in the ataM-« 
sphere. Ab 26 lbs, : lOOOlba. :: d5 tons s 961 tone lOcwt- 

3 qrs. lbs. 

Ex, 2. The line of Station of a yacht was carefully mark- 
ed in salt water, a certain quantity of which was found to weigh 
103 lbs. imperial ; the vessel was then moved into a river, and 
seven tons ten hundred weight was taken out of her, to bring 
her to the line of flotation marked at sea. A quantity of the 
river water, equal to the salt water weighed before, was found' 
to weigh 100 lbs. ; required the weight of the yacht in tiie 
atnosphere, and her di^plaeement, in cubio-tet, at sea, sup- 
posing a cubic foot of sea wi|fesr equal to 64 lbs«r? 

Itbi* Tons. Cwt Tons. 

As 3 : 100 :: 7 lO = 250, the weight of the vessel when 

in the river. 

As 3:103 :: 7 10 = 257^ the weight of the vessel when 

at sea. 

As 64 : 1 :: 257i=9012i, cubic feet displaced. 

f r- \ 0 * ' ««tJ 
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3. A collier's water-line was careful!)' marked at sea, 
and a quantity of sea water was found to weigh 5 1 lbs. 8 oz« 
On her arrival at Londoo, 20 tons of coals were taken out to 
brin^ her to ber fotmer water-line | and a quantity of the 
Thamea water, equal to that weighed at sea, was found to be 
jO lbs. y required the weight of the vessel and stores, supposing 
her caigOy wU^n comj^te^ to have been three hundred torn ? 

Lbs. Tons. Tons. Cwt. (^rs. Lbs. 

As 1.5: 50 :i 20 = 666 13 I 9 j- in the river. 
As 1.5 :515 20 » 686 13 1 d^atsea. 
Deduct cargo 300 0 0 0 

• • • * 

886 Id 1 9f, waght of the Teasel 

and stores. 

Let the followhig query be answered by some of your corre-' 
spondents:— 

WW the above caleuktions be affected by the tein|>erature of 

the air or water? If so, in what ratio, giving the reason for 
such opinion. 

William WalkbRi R.N. 



Abt. Vlll^Ohierwstum on the DimmiUmi and Pr^pe^iki 

of Ships of various Classes in tlie UriiiisJi Navi/, ivitJi an 
JlfpUeation qj tlm Sui^tt to tJie Ships of the late experi* 

Skr Tfwmoi Hardy, BarL, K,CJB,, ^c. By Mr. Bsnnett^ 

The consideration of the dimensions of ships^ is a most 
important aubjeet, both as it legards their sailing' qeaUties, and 
the expense of their ooastroction. It b reasonable to suppose^ 
that there must be some eertahi ratio between the length and 

breadth of ships, which is to be preferred to others, and which, 
at the same time, is not equally applicable to all classes | yet it 
is to be leared, that this is but very imperfectly understood, or, 
if understood^ is tooeften o?edoeked. Almost every modMk ^ 
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cation of form has been jBfiven to vessels, Init, wliilst we hare 
refined od minutiiBy we have neglected generalities ;^we have 
co0iitteiRed our labours where they should lermiimte : the most 
eligible principal dimensions of ships should be first establidiedy 
before we pay an exclusive attention to minor considemtlons. 

The absolute length of a ship is, or ought to be, a deter- 
xuioate quantity. In designing ^ ship^ we hrst decide on the 
number and nature of the guns she is to cany; next, on the 
nse of the ports^ and on the intervals between them, required 
for working the guns ; as also on the distance between the fore- 
most port and tlic stem, and the aftermost port and the sterri- 
post : from the sum of these distances, we obtain the length of 
the ship. After an ample apace for fighting the guns, &c., has 
been tmee decided on by competent judges, any deviation fron 
this decision should be regarded as an error in judgment. If 
the length be increased beyond these limits^ an unnecessary 
expense is thereby incurred. 

Again^ the number and weight of the guns determine the 
number of the crew ; the number of the cicw decides the quan* 
tity of .provisions and water required for their sustenance during 
a cert«n time, which, to a considerable extent, denotes the 
capacity of the hull necessary for stowage : so that it appears 
that on the armament of a ship of war depend three very essen- 
tial elements} vizr, her length, her capacity, and the number of 
her crew. 

Supposing that we have now fixed on ^e lengths of ships of 

various classes, we are next to determine on their most advan- 
tageous breadth, which will involve far more difiicult consider- 
ations than the preceding. One .of our first inquiries would be/' 
whether all ships should have the same proportion between 
thnr length and breadth ; or whether the relative breadth of 
the least ship sliouhl he greater or less than that of the greatest 
ship. Some persons would naturally refer to experience to 
decide on a question so obvioi|sly important | others would form 
.their judgment from scientific reasonings, combined with gene- 
ral facts. We will first see what information can be gained 
from experience, by analyzing the ratio of the length to the 
breadth of our iiavv, seleeting a sufficient lunnber of ships from 

each class, to form a geperal opinion jou the subject* Cutters^ 
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sdiooners^ &c.^ from their peculiaor ciMitiiniotkMi^ may be ne^ 
laded in lhirmq«iry. Other iMeU tfan thoae hi pittentte 
the service wil be oecaaionaUy introduced, m tlKy may aerve 

to ehieidate the subjc c t , 

The three-decked ships of 120 guns^ as the Caledonia, Bri- 
tannia, Prince Regent, Howe> Nelson, and St. \^ lucent, have 
the same ratio of length^ to breadth, being 3.83 timet at long 
an tiiey are broad. Onr taoaller tei-iates have lets reMtite 
kngth titan'the above ehips. Hie San JoMf was'S* 58 timei^ 
and the Salvador del Muado was 3. 50 times as lone:, ^ she 
was brood. The old St. George had greater relative breadth 
than these, being only 3. 42 times as long as broad. There is 
little agneiheat'beliieett ilie relative dhnensiont of die remain** 
der of our three-decken. The ratio of the length to the bieaMi 
oPthe Qdeeh Charlotte, and Royal George, is as 3.61 tol; 
that of the Hibernia, Ville de Paris, and Royal Sovereign, is 
respectively as 3. 78, 3» 57^ and 3. 52 to 1. 

The second-rate three-decl&ed ships, similar to the Victory, 
as thrBoyve and USnibn, are 8. 69 4imes as long ai-they aie 
braad^ as are also the Dreadnought, the old Neptmte, ihe 
Prince of Wales, and the Temeraire ; the Barflcui and Prince 
George were 3. 52 times as long as they were broad. The 
Impregnable has the same ratio of length to t^readth as the 
Caledonia, namiriy, 3. 83 to 1. The Pkance is among dmlmigest 
sliqM in the serrtee, beiiig 8. 96y or nearly 4 tines as long as 
sheiibTOiM. 

The large two-deckers of 84 guns, built after the French 
Canopus, as the Formidable, Ganges, Monarch, &c., are 3. /B 
times as long as they are broad. The Malta, Mareago^ 
-Bomp^,- Spartiate, Tbdnant, and Impeteux, #bich were cap* 
twed Mm the Prench, had nearly the same propbrttbn of 
length to breadth as the Canopus class ; the difference is toO 
inconsiderable to deserve notice. The Gibraltar, of 82 guns, 
taken from the Spaniards, was. only 3.3d times as long as she 



Mn this comparison, the leQ£;ths of the line Of battle «hips are taken oft 
the guo^dscVt I the leogths of tht IHgstM ion tte loiNr dtck. Csald the 
kngthi hftvc bMn obtaipsd ss tke 'losd-wsisr ssttiMt it woqU lisva hste 
pnlerred} the error, hoiytver, sdd^f firoin this circiuaaUyice wilt not be 

0 



Digitized by Google 



WM broad. Tlie Christian VIL, captured from the Danea, 
Adgfllher tlM Cwifan^g*^ Mte after, liari ww 3.67 ^tu&k 
4tt lonir akt waii bffoftd* The Sah Nteol« (taken ten tha 

Spaniards), the Waldemaar (taken from the Danes), the Fon* 
droyant, and the Ganad% had a ratio o£ length to breadth, of 
«bcmt d« 62 to 1. 

' Tha Samjrar'a ckaa of 9tma!tf-tamt aa tbe Jbauida» 
Agiheoorty Barfa^niy Rodae^, aod aaany othaia^ afe 8* 7 timai 

^ long as they^ are broad. Tba' Bellerophon, ^qilwity Bkecl4> 
lent, Vang-uard, &c., built after the old Arrog'ant, are 3. 58 
iisica as long as thejr are broad ; as were also the Hector and 
Moaftague^/wfai^ were Hiasilar to tha old Royal Oak. Tha 
fiahmk iftd the BacUbit am respectively 3«d0 and 
(teaa as l<Hig as they are liredd. 

The general proportion of length to breadth, of the smaller 
class of ships of two decks, which carried 64 guns, varied 
between the limits of 3. 52 and 3.59 to 1 ; among these, wa 
jnay iMtiaif the Aliriea, fiaropa, Lajpdan, fitataly, and fie AlUns. 
The Genlwion^ Antelope, Gkampus^ and Jofiter, wkidi eatriad 
58 guns, were respectively 3. (i 1, [i. 65, 3. 68, and 3. 70 times 
as long as they were broad. Several ships in this class may be 
soentiooad, which posasss a very, great relative length ; but, ai 
ifaay wete originaliy iiKsrciiaaft''veaaeia Cakcii into tbs aarfiet 
ttvoagh oae e s Mt y , we aannoi with'pfOj^aty mshHla tkm tpkail 
forming an estimate of the ratio of the length to the breadth, 
of the navv generally. Among these may be noticed the Coro- 
mandel^ which ship is remarkable for her excess of lengthy being 
4« 58 tkneaaa loiig as she ja bfoad } alsa the Ardaii^ Argdw^ 
and the old IjaHeaater^ whiali wert fovr tlmaa aa Idof aa tbef 
'wm broad; Tbe Glatton* and Btn/txA had rather less'vdadve 
length than the above ships, the former being 3. 8& tioies, aiid 
aba latter 3, 98 times, as long %s she \^ broad. 
. In ieCecriiig to the difloensions of o«r> £ngale^' wa find iJkm 
kurgaat dasa of 6^ guns, aa tbe SoiithamfHioii/ Winohailbr^ 
Portland, have their length to their breadth in the pro- 
poilion of 3. 93 to L These ships, as a dibtiuct class, are 
the longest in our navy ; although we hiive ships which are 
eqaally long, as the Blanche tod Fisgard, captured from t!ie 
Trench) and the Rochfort and Newcastle^ designed by M» 
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Bai-aiiier ; but as we do not buiM ^t^f these §bip6» ueiUier ja£ 
them can be said to constitult » fUfMimle aUm Tbj^, SmtdMHn 
fauUt afler tbe American frigate. of mum Mnt, hp» fMlMl» 
lew lelaliTe fength than the Southampton, Wittehetler, ftc, 

being 3. 90 times as long as she is broad. The numerous class 
of ships of 46 guns, constructed after the old Leda, as the. 
BlaiLcb% Fox, Penelope, Thalia, &c. have their length ta 
dMir breadth in the ratio of 3^76 to 1| the IMsif, liivarpool^ 
and Qla«|Dw^ bnilt afcer the Endymlom artf aimiliirly propor^n ' 
Opened* The Apollo, Laurel, Nymphe, Undaunted, with many 
otherji buiit aiter the old Lively, are 3. 89 times as long as they 
are broad. It will be needless to extend these remai^hs on the. 
di m a nt i oD s of frigates of theie olatwui mapt' by ottaerving^ that 
Wtween the relative dlneiuionaof the Im|perie«i^ and Phaetaig 
vhkh am 3.60 timas aa long as they are hroad, and thote of 
our large frigates^ which are 93 times as long as they are 
\>road, we may fiiid every variety of length and breadth. 

The small frigates of 28 gai^ binlt alt^ the old Eiiter|Mna^ 
m the Dido^ Lajpwing^ Alligator^ ka^ weie timM aa long 
aa they were .broad* Thta dbm la now aobstituted by th^ 
Niemen, Athol, Ranger, &c., which have their length to their 
breadth as 3.60 to 1. The frigates of 24 guns similar to the 
Amph; trite, as the ii4irydico and old Champion, w^a 3.55 
timet aa long as they weve Uroad. "fhum oi 26 giin% bulU 
after the o|d EVencb Amasmn^' with thoae huUt after the old 
FhiDo, were about B* 65 times as teng as they were bvosd* We 
may here ob.sei vc Uie ditfei ence of opinion between the English 
French, respecting the relative dimensions of small frigates. 
The Tourterelle, wbicb was ^taptiued from them in the year 
179dj waa.3*97 time^ as long as she was hroodj the Jamaica, 
which was captured in the sueceeding year, was 3. 1^1 times 
as loiii; as she was broad. The Astree, Val cure use, and 
Furtunee,^ were respectively 3. 83, 3.97, and 3.80 times as 
iofig as they ffcst broad. The relative length of all these ships 
cpnudcvably exceeds that which 4ve have hitherto given to small 
frigates; and beconies interesting, inasmuch as it "will be hefe* 



i FaidMr particulars concerui»g test viMNk, aft fivtaia ptf»403,VoL.k, 
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after seen, that two of tke frigates of the experimental squa^ 
droa hwe the aane propottioii of Wnffh to breftdch aa €mt of 
tfM aboina^iiained fVeMh slupa* 

• A great number of our conrettes were Mlt stmitar to the 
Bonne Citoyenne, as the Bann, Cyrus, Myrmidon, &c, j the 
ratio of their length to their breadth was as 3. 87 to 1. Some 
were constmeted after the lodiaD^ at the Syiph, Moi^^a, &c. ; 
theaa were 3.58 ttnies as long as they were bioad. Others 
after the old Merfin^ aa the Ariel, Alhacore, Otter, &c., whk^i 
were 3. 77 times as long as they were broad. The Martia and 
Rose are respectively 3. 7^ and 3. 53 times as long as they 
are bread. 

On examimng the dknansidiw of our briga, we shall percehre' 
tbe'saiine dhrenity among them as among the other classes of 

the iiavv; for whilst those built alter the Cruizer, as the Spar- 
rowliawk, Trinculo, Alert, &;c., have their length to their breadth 
ill the proportion of 3. 27 to 1 ; the ratio of the length to the 
Inreadth of the Manly; Hastj^ Mastifi; is as 3.80 to I. . 
\ From this inquiry maybe dedaeed the most «nexpected-aiio<« 
malies, as every variety of relative length and breadth exists, 
not only in the various classes of ships, but even in ships of 
the same class ; among which, at lemt, we might have antici<^ 
pated a imifonnity. We fiad instance^ aoHM^ hrigs, corvettes/ 
frigates, and two^deeked ships, of some having equal, othetv 
greater, and sereral less relatife length than ships of 120 guns. 
Although by the experience of ages, the dimensions of ships 
have not liitherto been determined, yet we conceive, that by a 
scientific use of this experience, such knowledge might be ob«> 
tained, as would enable a consti^ueto^ to decide on the relative 
dimensions of all classes of ships, agreeably to their magnitude 
and ser\ ice ; and, at tiie leas>t, tlie object may be advanced by 
the attempt. 

We, however, find difficulties in the very commenoement 
of the inquiry,-— dtffictdties which it would he almost Impos- 
sible for the exertion of one individual ftilly to overcome* 

So little is known concerning the ships composing our navy, 
that we cantiot say to what extent additional decks and guns 
diminish the stability, or to what extent a general aHgBMntatidn 
of the size of ships^ increases the stabilitj* it is truey that with 
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fnail kbonr andiadnstryy tbe centres of grmty of one or two 
largo iliips have bees caknlttUid $ and by asstttning tha centre of 

gravity of smaller ships to be near the water, which will not 
be ver\ far fiom the truth, we may (from the result of calcula- 
tions on the stability oi these ships) conclude that the moment 
flf atalnlity of ahipe ineraaaas in a greater propor^on tiiaa 
their eapacitias. Tfaja^ indeed, m%ht be lafened, horn coosi- 
dering, that the eapaetties of tlnps increase as the evbes of 
their dimensions, whereas the stability increases as the fourth 
power of their dimensions. The inference to be drawn from 
* ehia is, that amaU ^ps should have greater relative breadth 
than large slnps: this, however, must be undentood with eertain 
limitations ; it may be a general, but not an miiversal truth* 
.Were all ships homogeneous^ — thus if a navy consisted entirely 
pf corvettes^ the corvette of IS guos ought to be relatively 
Inoader than the corvette of 120 gnns; this is a rule without 
jmy eouseption. It may be fiurther observed, iron the previotti 
remarks, that the corvette of 18 guns should be relatively 
broader than the three-decked ^^hip of 120 guns 5 but if a ship 
were built to carry 1 20 guns on four, or even on hve decks^ her 
relative breadth should then approximate to, and .should most 
likely, exceed, that of the corvette, in order to ensure sufficient 
stability. The consideration of this simple eaae^ may fend to 
elucidate the principles of stability, when applied to cases of 
greater difficulty. If a three-decked ship of 1 20 guns is to 
carry the same fcuree, on a greater number of dedts, her absohite 
length wmdd of course be reduced $ and supposing her breadth 
to remaStt the same, <iw positive part of the expression ibr 
stability would be thereby diminished. The displacement, 
which is one element of the negative part of the expression, 
would probably remain nearly the same, as the additional 
wei^t of topaido might connterbalaaee the reduction of weight 
occasioned by less length* If the displacement be equd in each 
case, the draught of water would be increased, from the dimi- 
nution of length ; this would lower the centre of gravity of dis- 
idaoemeiit,. which, together with the centre of gravity of the 
ship being raised by the additional weight above the water, 
wmild tnerease the Stance between the ceiitre of gravity of 
the ship and tliat of the displacement. On the whole, there- 
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hte, the pontile put of tbe expiMoli waM be diihiuMwij 
and tlw m^ptive paitiacmied; SDtiMttlKitaMityipiRMbe 
1m In a diip of the seme Ime kni hreadth at anbther fhtp^ 

but which carried her guns on a jjrcater number of deckB. 

Havuig seen the necessity, m the case of a ship carrying the 
aame Mmber and w^ght of guns as another dilp^ but ob man 
-deeks^ of in^msinf the bceadtbf hi'oriier to avoid a 4Acwmf 
of etahiiity $ wo may evidently traoe the tane prindple cm^ 
ing between the largest ship of an inferior clitss, and the Icust 
ahip oi a superior class^ iu which, if the number of guns be not 
eqoal, it approxiinates wfficitntly to make the applicatkm 
appaieni $ «o thot^ in the several gnulationi of conreCtes, fngatn^ 
lwo*dccked tfaipt, and diree^deched ships, ike feaiti vimi i|f 
each class is liable to be wanting in stability, from its small 
comparative dimensions not suthciently counteracting the effect 
of additional decks and guns. In this case^ therelore^ above 
jdiiothersy'.portietthur care shoald he taken to give •oAcieitt 
breadth to doiipeneate for a iendeney to deMeney fa etability t 

so thatj without much liability to error, we may conclude,— 

Isty That the small frigjite should be relatively broader than 
the large corvette. 

. 3dy That the im^ two^deeker ehonld be vriatlvriy brooder 
thatt the large frigate^ 

3d, That the small three-decker should be relatively broader 
than the large two-decker. 

Between each of these varieties there will be a certain pointy 
(if theexprettibii maybe osed,) where the superior and infietiot 
classes of ships shonU have the same ralio of length to braadtht 
ihis arises from the enlargement of their dimensions increasing 
the stability in a t^reater proportion tlian the weight of add^ 
tional decks and guns diminishes the stability. Thus, 
. 4 th, The middling-siaed fr^te shooM bavo thf eatoe raitio 
<tf.kngth to breadth as the large 4rorvette^ ' ' 

5 th, The middling-sised twonlecker should iiave the same 
ratio of length to breadth as the laige frigate. ' 

6th, The middling-sized three* decker should havQ the saniie 
r^atlo of length to breadth as the laige iWD-deoker, 
. As cofoUtones feom the ink thrao obeervatioM, we inay- 
• teoMtf k» ' - 
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. 7tiif Ifait Om toge iK>mtte thoidd M f^ladvel^^ 

the large frigate. 

Sth, That the large. frigate ahouid be relativeiy brooder thaa 
tbe large two-decker* 
. dd)».Tii«tlbelale^tlfo*tle(terii^ 
than the hurge three-decker. 

Hence the largest ship of eacli respective class should he the 
lougest j and there appears to be no general rule, whether large 
ships or small ships, should have the greater relative bread th» as the 
ratio between the length and breadth depends as much on the 
manner of carrying the guns as on the magnitude of the ships ; 
rnoieovcr, that notwithstanding the above apparent ambiguity, 
this inquiry resolves itself into the simple proposition, — having 
given the armament of a ship, with the number of her decks, to 
find the ratio between her length and breadth ; which is abvays 
reducible to one of the nine before-mentioned cases ; that is, 
supposing we have one ship, — for instance, a corvette,— -which 
may be taken as a standard, from experience proving the pro- 
priety of her dimensions, if any principle be here established| 
it is only in kind, not in degree : thus, when the ninth observa- 
tion implies that the large two-decker should be relatively 
broader than the large three-decker, we do not pretend to 
assert the exact quantity which her breadth should exceed that 
of the three-decker. An approximation to accuracy is, how- 
ever, better than absolute error ; and if with our present im* 
perfect knowledge of the properties and elements of our ships, 
we may place any dependance on the nine cases here laid down, 
may we not reasonably anticipate far greater advantages from 
an elaborate and scientific analysis of our navy geueraiiy } 

It would have been an interesting, and perhaps an instructive 
occupation, to have, examined how far the above nine condi- 
tions agree with experience; but these remarks are already 
extended beyond the limits originally intended. It will be 
only necessary to observe, previous to an application of these 
principles to the dimensions of the ships composing the expe- 
rimental squadron, that cases 5 and 8, form the chief exceptions 
to the general practice which at present exists in proportionmg 
the length and breadth of our navy. 

The Challenger, Tyne, and Sapphire, 28-gun frigates, toge- 
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^th the' Wolf, Aoorn, Satellite, and ColuniMne, IS-gun 
corvettes, formed the experimental squadron wliicli was placed 
under the command of Hear- Admiral 8ir Thomas Hardy. 

The following tables contain the principal dimtmiom, toge* 
ther urith as many cailcnlations on the dii|ie aa the writar of 
thb paper ha& been able to obtain. 
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From the general equality existing in the tonnage' of the 
ahips of each class, it appears that their constructors were re- 
stricled in this particular ^ and that they had the choice of 
obtaining the feqvired tonnage by any acyuttment of length or 
breadth* 

In one of the columns of the first table it inaerted^ the leli^ 

tive length of each ship, supposing its breadth to be denoted by 
unity. The most remarkable features in this column aie^*— 
Isty The great relative breadth of the Columbine above th^t of 
the frigates | 2dly, The great relative length of the Challenger 
and Tyne above that of the corvettes ; each of which, as far as 
precedents should guide us, and as far as we may place reliance 
on the observation in case 1, — viz., '^that the small frigate 
should be relatively broader than the large corvette^"— would 
have been the reverse. 

We possess ample information respecting a numerous dass 
of corvettes, built after the Bonne Cito\ cime, as also respecting 
the small class frigates similar to the old Enterprise. A con- 
sideration of the dimensions and qualities of these ships may 
serve to ascertain the expediency of the relative dimennona 
given to the vessels of the experimental squadron; among the 
constructors of which vessels evidently existed a great dif- 
ference of opinion, on their discretionary power pf preferring 
length to breadth^ or the reverse. 

The Bonne Citoyenne, which was ci^tured from the French 
In the year 1796, was 120 feet 1 inch long, and 30 feet II 
inches broad, or in the proportion of 3.88 to I. This ship 
excited very j^reat interest among naval officers : some extolled 
her excellencies, others depreciated her defects. It is probable 
that her qualities neither deserved all the applause of the 
former, nor all the disapprobation of the latter. The Ariadne, 
Hermes, Valorous, and Myrmidon, were built similar to her* 
The Bann, Cyrus, Leveu, aufl many others, were also built 
similar to her, but on a reduced scale ; their average length 
' being 1 15 feet 7i inches, and breadth 29 feet 10 inches^ All 
ships should, if possible, sail equally fast; but it has been 

The Colombine it so exception to thii : her lonns|;e etcecdft diat of 
Ac^Hni, StfdUtt, and Woir; by SB toas. ^his, of course^ gave her coiutructor 
greater lititnik lA the deUr roiaatioii of her dhnensloiis, 
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pitived theoretically, dnt a ^ip, built on the reduced lines of 
Aother ahip, wM not powcm the same velocity as the original. 
TMe tmth 'wns exempfified in the case before ns, on a' most 

extensive scale, fully proving^ that the niin^erous class of cor- 
vettes constructed similar to the Banne Citoyenne, but smaller 
than this ship, were very inferior to her. If we have a ship 
wktm nualities are generally ifipraved of^ it is an error either 
to 'build ships siadlar to her, by increasing or decreasing her 
length and breadUi ; as the larger ship would, in consequeneci 
have too much stability^ and the lesser too little stability, which 
is by far the greater evil. Thus, then, if we increase the size 
ef a iblp) we sbonid give less relative breadth | if we decrease 
tlM! fiiie, we should give greater relative breadth.^ As might' 
have been foreseen from these principles, the reduced Bonne 
Citoyenne class of corvettes was found extremely defective in 
stability ; all attempts to remedy this evil, by additional ballast, 
were fruitless ; tiiey only served to' establish a general and a 
very importiint tmth^that where a great deficiency in stability 
exists in any vessel, abstractedly considered, a great increase of 
ballast must prove at least an inefficient, and, in most cases, 
a totally inadequate remedy, to so serious an eviL It was 
onfy after these experiments were made, that the want of 
stabiii^ in these vessels was assigned to the absolute canse,— 
deficiency in breadth. They were accordingly widened 10 
inches, by placing" a 5-inch fir dnuljlino; on each side, which 
increased their breadth to 30 feet 8 inches : the ratio between 
tiieir leng<lL and breadth was then as 3. 76 to 1. 
' 'By a OMnparisbn of this raUo vrith that existing between the 
Indian and old Merlin classes of corvettes, it will be seen that 
the general ratio of the length to the breadth, of English cor- 
vettes, is as 3. 74 to 1. As these vessels were not remarkable 
far an excess of stability, it appears reasimable to condude, that 
vA corvette, «t least of theae classes, shoidd be btdlt, having tt 
kss relative breadth than is indicated by the above iproportion. 

From the agreement of the relative length and hrcadtli of the 
Wolf, Acorn, and Satellite, with those of corvettes which hare 

* For tbese reasons, we cauuot expect that the Romcey, Salisbury, &c., 
built on the reduced lints of <tbt CbrutiSA VU«, .wiU poiMlft «f|^«| jH^^ 

qualities with this sbip* 
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|K)t been deficient u\ stability, it may be inferred, that tho 
diweusions pf these ships are well regrulated. A ship may have 
inifici«|i|:kre«flth, but may be nererthelm very cnink. V^h^ 
tto the jBBMC dMigime lyyiratkp htm ham male oCliw bi mM t 
•f tbete ^hlpi^ to eiitll»etlw kieceistf^r tliWlify, \mamm it 
tally different coiisidejation, which will be hereafter attended to. 

In further conaidciing the dimensions of the experimentai 
qquadrotii mc atMl^ nmt be directed to iSam aowil fiigal»» 
^«4iieb hm ntV^ bno a Mmnrite elM ia our navy. . \t hm 
yum the OfiliiMTi 'of 'pmoM of •coiwMerallo tatoRigsfieB, llMI^ 
there is no need of an 'intermediate class between the 42-guiv 
frigates ami tb^ large corvettes, and that the small class frigate* 
might with ipropriety be substituted by powof 64 * cgnwttwtf 
Tber^ <ii» bo but little doobt,- that thk Mwave aright W 
fwrtially ailopted, with gimft advaata^o to tlM sMifiee. oo»4 
vette may be constructed, with equal or less expense, whiik! 
might be superior, botli in velocity and armament, to the small 
frigate. No^wijthstanding this, there are particular servicaa 
cUipatet In whiak thto aaiall fi^Mfea would he noveadfan^ 
tageouflly evipbyed than the eomctai Ibriiwtaaee, penoai'aC 
distinction, as Ambassadors, &c., may embark and find suffix 
cient accommodation in the small frigate, instead of employing' 
larger ships for this service, lliis is of importanee in an econo-^ 
laical ipvQvntof view* The fngate aifords pftaoaal eoaiflM 
^ tha men, aa they have always a 4ry deck for aleeping on } It 
^ needless to- add^ that at sea, where many privalaoBs mtist be^ 
necessarily experienced, too nuich attcntifm cannot be paid to 
the health «^d convenience oi both ofhcers and men, at least as 
far 99 the mUncest of tha MMrice will allow of .it.; Anothat 
lenuurk may ha made ia fiwoor of tka ■oiaA Ing^ wkid^ ia,. 
that in case a yard or roaet ie shot away, the mulcipfictty of 
gear, titc, attached to it, will not incommode the working of 
the main >d(eck guns;, whereas, if a similar accideot- were ta 
happen to a corvette, several of her guna woald be leadered 
(Mwqidelely ii6ekM» which alight in a gmtmBaMift OBeaskm 
the low of an action. . • ^ 

To return, from this digression, to our more imrnediate consi- 
deration. We may remark, that the ratio of the length to the 
breadth of small classfrigates built in England, from the middle 
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of the last century to tlie present tinie^ is about 3.58 t* !• 
giK cdiMircf 4im«iMm bwll after |h# <MfiDli«r 

llm; •» do lilsa tfaoie of the present Vol«9«« The Tweed| 
Hanger, Niemen, &ic, being 3. 6 times as long as they are 
broady have rather more rektive iength than the ahova veiaeW 
The old $mmtf-fm>nf a« lli* Mnry^^ old Cb n t ^ i i i ii i lie« 
Mite after ithe^iiUtriti^liftVe Miicr litt rditm kn$fih Mi« 
9, M tini«oiM long as tlw^ m bBMil 

From the knowledge wc possess of the reduced Bonne Citoy- 
«nne class of corvettes, and likewise of the old class 28~gu|^ 
frigates^ the former hmg mty orink, an4 tJbO fetter betncoufiii? 
eionilj'ottf^^ tm ialnmcM mmf bo ditnii wHMumtf f9tm 
mnUmMe in tW fntaro design o£ tbeto diHH «hlpa. It k 
the fir^t place appears, that if corvettes were fosnd deficient 
in stability, with a ratio of length to breadth as 3. 87 to 1, 
much more is the orii Ukoly to be isMSrenaod inti^igmng amaU 
§a§tm, wiii.lhf aam ot noiily tho. twio lololm lengtli and 
Iwiidlfa. Heofo tbo superiority m iMbUity of tbo oli| twenty- 
eights, and particiiiarly of the present Sapphire over the Tyne 
and Challenger. Hence, also, the })robabie error made by the 
French in constructing the- TourtexaU^ fJwfmkth^AslU^t^ 
Valoiim>^a«il.t)ie,PiwCuit^ • - 

^rkkh' we *3. 57 tinfee a« long as they ^ broad ; that a cof*- 
vette must certainly be too short which is only 3. 16 times a$ 
kmg m she is broad. Hence may ariise the inj^nority of thf 
ColmMne jH» tiM> Aeoito ond Sateliit»». wImii aoiyftg ^guimi $ 
^potd eoa« . ■ i < ■ 

From the consideration of the ratio between the length and 
breadth of these ships, we inav proceed to inquire into the 
effect thereby produced on their stability. Among, the many 
dWeallMaattaBiRiii on tho dowgn «|f tbipi^ hmmdar mpMm 
fcao w io i lge of dw aaHire of fl«Ui» aad of J^rdoadyaMiioil 
ofeiimee k general, k foMiiatci) happens, that MttettMit^ 

, ^ The oJid 23 -guu irigales took a very ^reat quaatity uf baUa6t,--«-iu some 
cases, from 180 to 200 top^ : if this be urged as a proof tbsit tikcic ibips had 
not suftteicat itablUty, iV will be a serdoger areament bi tmur ot the ttni* 
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96 4)biert>ations on the Dimmm^ ond Properiieii 

is capable of being dctennined with comparative acdiracy. Ws 
are enabled to ascertain the absolute stability of a ship, and 
laay contequtiiliy express in known quantities how much it is 
^i«atoror less thin that of another ship. Were this ekment eid* 
eviateil for ellships, it won!4 lead toa nibie eomeldetemninthNi 

of the relative diineiibions of each class : it woakl eftaMe VS t6 
ascertain to what extent the breadth of a sliip should be in- 
creased by carrying heavier metal : thus, what addition should 
be made to the breadth of oor finC-nOM^ by their being armed 
with S2*pounder guns on the middle dmk, ' imttad ' of 
24 -pounders ? We should avoid the error of eonstrueting 
a line of battle ship, which, from her not being able to use her 
lower <^ck guns in heavy weather, might be captured by a 
irigete. Iliese wNiatages, iintbq«tt the cnuiM^ 
^11 safece to t^owy that the ooMtitiotlon of ships may be 
greatly impreved, by enlarging our knowted(;e Mipecting their 
st;ibilit\ ; l>ut to enter into this inquiry ia a manner which 
may produce any important result, the height of the centre ot 
gravity la reqtiii^^ which point has never yet been experi- 
vaentalHyaBeertAlnedfor any ship of this naiton. . 

On this accowity we are unable' <o state in what degree the 
stability of the various ships of the experimental scjuadron 
differed. But, from the quantity of ballast, the difference ot 
Afrm and breadth, and their behaviour at see^ we msf form a 
gisneiikl idea on the anbject. That there is a greait dttTeieiM 
between tHe ttabHky of the Sappfalte aad Challenger, appeare 
from the quantity of ballast taken on board each ship. The 
Challeager first proceeded to sea, with 50 tons of ballast; a 
few hours' trial proved the absolute necessity of increasing her 
htnbiii^; she' aeeordingiy retuined, and SOItooe mdre ballasC 
wore added: Still, not bemg fonnd snAeiently stiff; her baUaii 
was increased, before she sailed with the squadron, to 90 tons, 
which, on the second experimental cruize, was made up to 
96 tons : she at the same time stowed 28 tons more water than 
^.Snpphire^ making a totkl dlfer e n ee of. weighty materialiy 
eontribnting to the stability of ^ Challenger, of 66 tons. 
* From the near equality between the breadths of the Tyne 
and Challenger, it wa8 to be expected, that if one were found 
dehcient in stability^ the same defect would be found in the 
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other. This was verified by experience. When the Tyne 
sailed from Woolwich she stowed 60 tons' of ballast^ which 
was ultimatdy required to be increased to 100 tons. 
" Notwithstanding the Challenger and Tjme had so consider- 
able a quantity of ballast more than the Sapphire, it was 
evident, from the coniparative inclinations of these ships, when 
IK^CT equal sail^ th|(| the Siqipfaire was by far the stiffest ship | 
^ptoving the progMgr of affording the necessary stabifity,' by 
itn inertease of br^jlth, instead of attempting to gain this in- 
dispensable qnaHt\nny .i g^k at addition to the ballast. 

We are not to suppose, from the latter remark, that a con^^ 
sideration of breadth alonc;^ will enable us to estimate the sti^ 
Imy of a ship* Were this the case, it would have been found 
thiat the stability of the Columbine would have far exceeded, 
and the stability of the Wolf woutd have been equal to, that of 
the Acorn and Satellite ; whereas it did not appear, except at 
angles of indinaiion, that the Columfaiae was mpcfa stiver 
the Aoom and Satellite | and it was apparent tiiat tlit 
Wolf was not so stiff as either of thete Teasels. We may con* 
elude from this, that the bodies of the Acorn and Satellite^ 
between wind and water, were more advantageously formed, 
for contributing to stability, than those of the Columbine and 
Wolf. We mnsti however, bear in mind, that the Columbine 
as well as the Sapphire, poososatd' sufficient stability, with m 
considerably less quantity of ballast, than was necessary for the 
other vessels of their classes. « 

In forming a correct judgment on the properties of a 
of war, we should suj^poee ber under the niost trying eiicdm* 
stances in which she can be placed; These appear to be when 
engaged with an enemy in a heavy sea, under a press of canvas, 
blowing fresh. If a ship in this situation is not able to %ht 
ber lee and weather guns, whatever excellencies she may 
possess in other respects, she is certainly inefficient in the very 
essential quality requii^ in a man of war. 

That a ship may use her guns with effect in heavy weather, 
she must not only possess sufficient stability, but she must 
also <carry her ports a sufficient height out of water* From the 

■ • 

> Inclodioir the weight of the Im-lisdMrt. 
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preeedii% liUvit will be $eep» that in the thiid cruise^ when 
the thips were stowed for six months, the postu of the 

Challenger and Tyiie were a few inches higher than those of 
tiie Sapphire ; that the porn ot the Acorn were rather higher 
than those of the Wolf and Satellite, and that there was th^ 
BMlerial diffeieiice of 20 inebet between the height of the 
Acom'e porta and those of the Columblfie. But at the angle 
of inclination of the deck to the horizon, is not a less unpui taat 
consideration than the height of ports out of water, it is 
obvious that no superiority in the latter respect can compensate 
iof » deficiency in ftebili^* On thia eccount» the Sapphii^ ia 
euperior to the Tyne and Challenger, in efficiency «a a ship 

of war ; as arc also the Acorn and Satellite tu the WoHl The 
Columbine would experience a similar diihculty in firing her 
'gnm^ in htevy weather, as the Cliallenger, Tyne, and Wolf, 
nlthough proceeding ftom a different canse* She ia certain^ 
« tUff ahip, bot this exeellency is greatly compromised by the 

lowness of her ports, whicii, with her foreign bLores on board, 
were only 3 feet 10 inclies above the water. If we suppose 
ithe Columbine engaged with an enemy^ under moderate saii^ 
when blowing very (reshi at an inclination of 8?, (which ia isa 
frosn being an extreme ease,) her midship port would be only 
18 inches out of water. Any person at ail acquainted with the 
subject, must be aware of the impossibility of her firing her 
guns in this case, if there was the least swell at the tin^,. The 
defect of the Columbine, in this important particular, shows 
the necessity, when nfaking a design of a sbip» of correctly 
estimating the weight of the hull, men, guns, provisions, and 
stores of every de&cription ; and if science were of no further 
.service, in naval architecture than in giving ships su&cien|; 
4il}daoeaftent, it. would prore of! no. ineonsidenibl^ benefit. 
* The tapid^yof using tfaetr- guns m heavy weather, ' was, 
with respect to several 'ships of the squadron, fully decided by 
experiment. On the morning of the 29th of September the 
squadron was under all possible sail^ the wiud being extrf^ely 
lights and th«^at^ smooth. Towards noon the wind increaafxl 
edns&dcMblyi with rather a heavy swell ; about 2 p.m. the 
admiral made signal for the ships to fire their guns : they were 
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dim under cour&es, double-reefed topsails,^ top-gallant saih, 
jib, and driver. Jii eonaeqiienoe of the ioelmatloa of tho 
Challeufgffir (12?), end on account of tbe water ntthing into 
her porta, she was unable to fire her guns with auy effect j 
the range of the bhot was extremely small. The Alert 
mid Wolf were found equally incapable of using their guni| 
whereas it appeare4 ^^at the Aeorn and SatelUte mighl have 
engaged an enemy, even under their heavy press of sail. 

ft nay be urged/ that the ships were put to a more severe 
te^tthdn could arise in practice, inasmuch as no vessel could 
engage an enemy under so much sail, when blowing equally 
fresh. The truth of this assertion is very qnestionaUe | but if 
it be admitted in its fullest extent, there can be ho doubt that 
aedona may take place when blowing much stronger, and in a 
heavier sea, so that if sail Ije shortened (as it necessarily must 
be), the angle of inclination of the ship, from the increased 
power of the wind, might be the same, or greater, and ea 
much difficulty would be found in firing the guns in the latter 
eaae as in the former. The Tyne, Cohimbine, and Sapphire, 
were not in company with the squadron on the above occasion. 

Among the principal qualities required in a ship, may bo 
noticed eommodiotts stowage, A ship should not only heve 
s|iaoe to stow her provinon a^d furniture of every description | 
but they ought to be stowed with particular regard to oOn* 
venience, in order that they may be immediately procured in . 
case of emergency. Stores of a perishable nature should, as 
much as possible, be placed in situations where every attention 
may Be paid to their preservation, Utilltyt, should neyer be 
saevifiosd to an appearance of spaciousness and neatness in 
the store-rooms of a ship, fn the practical superintendence 
of stowing a ship, considerable skill is displayed by some 
officers, which may be greatly aided by a good disposition of 
-the hold. No more divisional bulk-heads should be built in n 
ship than are absolutely required ; both for giving increased 
toom, and eireulatiou of air. In the Sapphire and Acotn, the 
after hold and spirit room were thrown into one, with great 

" ' m ' 

* The Challenger had all the reefs nut of her tnaiu aod fore topiail». 

H 2 
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100 Obmvaiimi on the Dmemioni and Pr^periiai 

advantage; antl as the £ore magazine^ was capable of con- 
taining all tlie powder^ the space which was occupied by the 
after magaaino was^ in the Sapphire and Tfas, included in the 
Ibread room. Tare is particularly necessary in plaeing the 

bulk-heads, as it often hajjpeiis that a tier of tanks in tlie hold, 
or a tier of casks in the after hold or spirit room, is lost, on 
Ibccount ci a bulk head being a trifling distance too far forward 
or aft. On this account, it was found neeessaiy to alter the 
hulk-heads of tlie Wolf and Challenger ftom their original 
situations. If tlw* cubical contents of the Columbine's hold 
were estimated, they would be found less than those of the 
other corvettes ; but her constructor haSj in a great measure, 
remedied this iuconrenience, by jndidmis arrangements. Instead 
of putting oak pillars in the centre of l2ie lower deck heams^ 
and placing tanks on each side of these pillars, it was found 
that the Columbine's body was of such a form, that more water 
could be stowed by placing small cast-iron pillars on each side 
a«middups» That no ^aoe might he lost, a few small tanks 
were made expressly for this ship i and as a ship may be sup- 
posed to wear out a set of tanks, no objection can be made, to 
this measure, in an economical point of view. 

It is very probable that many persons place an undue im- 
portance on considerable stowage, from not reiecting, that 
serious inconveniences may he thereby incurred. Of .two 
nations, the one which stows its ships for a shorter period 
than the other will possess the moio cllkicnt navy, as far as 
velocity is concerned. Our ships, generally speaking, take a 
greater proportion of storea and provisions than the Mpa oi 
any other nation. It becomes, then, a question of some im- 
portance, whether the advantages gained, by enabling shipa ,to 
keep the soa longer, more than counterbalance the evil which 
must arise iVom a diminution of velocity ? Strong aiguiuents 
may be advanced on both sides of this question* For general 
senrice, ships should be constructed| as much as possible^ to 
miite hoth advantages. Perhaps , it would be advisable^, for 

-rr-r r " - . . . l . „ _ 

> Among other improvements adopted by Admiral Wlllatimez, in a powerful 
frigfttey lately built by him in France, may be noticed, that of bSThif a gmd 
magaaiae m the centre of the ship« with varioui communiostions frtn it^ 
lot fadlitatioK the supply of powder %a the different guai* 
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piitfeolar Mrvices, to boild' sfaipt for the escpress purpose of 

velocity. In line of battle ships, which may be employed in' 
blockading an enemy's ports during several months^, without; 
tbe possibility of obtaining water^ except from the imccrtBia 
Mp^y «fforded them by transport^ kc. oowiderable elowttge. 
it abeohildf neeeiMry.. The caae> however^ 19 very different 
with smaller ships, inasmuch as they may be generally con- 
sidered to be employed on services in which they will have 
Miffident opportunities of procuring water. On this account^ 
aid fiom each of the shipe of the experimental aqnadion beii^ 
enabled to atow aix monllia' proviaiona and atorea inider hatefaes^ 
(which is a period double what is considered necessary in ships 
of similar classes in other nations, for in^tance^ the Danes,) 
neither of them can be considered dehcient in tins important 
pwticiilary although aome aie aaperior to otbera: thua, the 
Chattenger atom move mtec than the Sapphire, and Tyne ; 
and the Columbine is, in this respect, inferior to the Wolf, 
Acorn, and Satellite. We may have occasion hereafter to 
decide, how far increased stowage was found benehcial, as it 
legaida the aailiilg qualitiea of some oi theae ahipa^ partienlarly 
of the Challenger and Wolf. 

It would be imposaible by verbal deaeription, without a re- 
ference to the diaiiii;hts of each of the ships of the experi- 
mental squadron, and making caleuktions on their bodies, to 
aonvey an aeeurale idea of their fimns. Iliey have all riakif 
ioctra ; and, whh the eaceptlon of the Golambine^ hm a holloar, 
inm the keel to the floor-heads* The water-linea of the Sap* 
phire, Challenger, Coluail)ine, and Wolf, are hollow abaft; 
those of the Acorn and Satellite are round, excepting a slight 
inward efirvature at the lower part of the bottom. We may in 
tome d^ee judge of the eompaistive fiilneaa of th«r fore and 
elW bodies, by referring to tihe difSarence between their light 
draughts of water forward and abaft; thus—- ' * ■ »t 

The Tyne was 2 ft. 4in. by the stern whea laui^^d. 



Challenger 


— 2 


8 


ditto. 


Sapphire 


— 2 




ditto. 


Acorn 


— 1 


10 


ditto.^ 


Satellite . . 


— 2 


2 


ditto. 


Wolf 


— 0 




ditto. 


Cokimbine 


— 4 


7 


ditto« 
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There is not sufficient difTerence in the quantity which eacliof 
the ftS-gttii frigates was hj thestetn after laMnchiiig to indicate • 
niaterial variation between them, in the telatlve faltiess of their 

fore and after bodies. Not 80, however, with respect to the 
corvettes. The Acorn and Satellite were much finer abaft 
than the Wolf^ which was ohly d| inches by the stern, and the 
ColttmbinA had evidieiiUy n still ftner t tth abaft than tither. 
We may here remait, that the eiinstruetor of theTyne hat 
pursued the same principle, in giving a fine after body to this 
ship, which is a frigate, as well as to the Acorn and Satellite, 
which are corvettes 5 on the contrary, the constructor of the 
Challenger has ghren this ship, whieh is a frigate^ a fine after 
hody ; but to the Wolf, whldi lii a eorreClei h» has gimi a 

particularly full after body. 

The most remarkable difference of form exists between the 
' Cc^umbine and Wolf. The Columbine has so full a fore body, 
that in order td jf;et her by th^ head, her ballast was stx>#sd 
hefdfte thift nla!n*mast$ thb Wdlf has so fall an after body, that 
to g^t her fiuiiiciently by the stem, heir ballast was jrtaeed aball 
the main-mast. The forms of the Acorn and Satellite appear 
to be a mean between these extremes, as their ballast was mora 
alflially eonctatrated about the matn-tttast. 

The relative breadth ^ Ihe Cblnmhine, perhaps^ exceeda that 
kiX any oliiiBi* shl)> of equal ttonage ever built* 'nie ftifin of tiw 
Columbine is in a great degree, like the forms of the aorvettes 
Heureux, Determin^e, and Garland, and the d2-gun frigate 
Barbadoes, each of whieh was taken from the fVsnch. Her 
foretxidyts very lull} On the conUnly^ fa^ after body Is 
^aikablb for Ito fineness, so nnleh so, that in order to obtain 
the requisite space on deck, her counter flairs out in almost 
an horizontal direction. 

' The Sapphire, Tyne, Aeom, Columbine, and Satellite, wei« 
fitted with iron-Umbab^ the height of whieh beh^plsMd 
low down, formed an advahtageoua substitute for baUast. The 

Wolf and Challenger had angular pieces of wood secured on 
each side of their keels, in order to oppose a greater lateral 
resistance to going to leeward. 

Before entering into a brief statemeint of the sailing of the 
ships, dnrii^ the iSuee experiment enriaes; we ttey remark, 
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Ibat when sailing ckwe-hauled^ tbe liftrder it blowfy tbe §r#ator 
mdwnt^s^ may (he eorfCCto be exp«et^.to hftve pw tli*«iaafl 
Ikigalei bMM tlw moN tail i* icdii€a4f M^e mom Mnaiblf 
fvlll tbe greater am^toa of Ilia waathar ndaof the fngata, above 

that of the corvette, be felt in its tendency to drive her hodily 
to leeward. A detailed account^ specifying the advantage one 
ahip bad. orar «Dother» at the coodiitioii of aaeb day'a tvia^ 
wottid pfloaa amatklaclofyi from .the difficulty of corvactly estl* 
madttf dia ta ae t t at tea) ou wbkb mhyM pereoiis of considerT 
able experience frequently differ. It also appears unnecessary, 
inasmuch as it would be evideiuly improper to eAtimate the 
propetties of the abips by adding together the number of daya 
lhay ware fint» eeaandf and eo tm, and to judga of tbatr marite 
•oaoffdtnglf ( unthoat taking into comidaratioa the Tanatias of 
weather, to which thcv were exposed. Modciate wind aud 
smooth water were most frequent, which proved particu- 
larly iavoNrabla to some veaMls ^ but a decision, founded on 
their bebanrioiuc on tlMse oeeaNone, wovbl have beea an ii^ua- 
tiee to those vessalsy which excelled in a head laa and b heavy 
weather. If we are enabled to form a generally correct opinion 
of the qualities of the ^hips, by pointing out those circum- 
stances in which they excel, and those in which thay are 
deiaati^ with the prohaUa leason of aiieeaia or failure assigned 
to the proper caiieai> it Is to be preaauiod this if all that can 
be required. 

The squadron weighed anclior, and proceeded on the first 
cruize, on April 5tb, 1827. The Admired hoisted bis tiag on 
teaid the PynuwMi Ci^ptaiii ISartoruis. The manner in which 
ihaTaiioua Uiala war* oeadactadi waa aa follows :-^A particular 
ship was seat a few mUes to leeward ; the rest of the squadron, 
with the exception of the fla^ ship, then closed round her, 
wder easy saii ; on the Admiral hoisting the signal for making 
aail^ epeh the ahipa haalad her taeks an board, and the tdal 
ooMMMaead. The quantity of aail set tj^eacli slup was alwaya 
left to tlie diseretion of her commander. Atdie temmiatioiiof 
the trial; the superiority or inferiority of the different ships was 
estimated, by conceiving parallel lines, drawn through each 
ahip at right aagieato the direction of the wind, and ascertain- 
Ipf the dietaiaaa hato^eathaia lines fw>tojhowB bow far the 
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^M&tmt MfB wm to windMid «r to Imirifd ol tmtH o ii m$ 
kidepeiidclit of the dwCaaees tkey wm 9b4mtd^ of m atero< 

When sailing free, the iiierits of the various ships were de- 
termined by the respective distanees they were a-head of each 
othcTj measured in the direction of their counei 

It may be here ofaaenred, that although in moetcsaw* we may 
fom a geneft) kieatyf the etrtngth of the wind, by thciq aa w tity 
of sail set by a ship, yet ue should be liable to considerable 
error, if we form a similar judgment witli reference to the sail 
eat by tfak sqaadroo* These ships often carried an immense 
ptess of canvass^ as m«ch, indeed, as it was poaiible for tiio 
flpars .to bear $ and it was no uneommon iseeumnee ibr tihen 
to carry single reefed top-sails and top- gallant-sails, when 
ships in ordinary circumstances would have had nothing above 
double reefed top-sails. 

The sqnadroii was joined, doring this cisiae, by the Triaonlo 
and Alert s these were buih from the same draught, ami fofawd 
part of the numerous class of gun brigs constructed by the kite 
Sir William Rule. The Alert was rigged as a ship, and the 
Trincnlo acc<N:ding to the original design, as a brig. 

With respeet to the sailing qualities of the frigates^ 
• in the first cniiae, when stowed lor channel senriee,- in mode- 
rate hteetes, dose-hauled, the Challenger was rather superior 
to the Sapphire; when blowing liard, was equal to her; and 
sailing free, was inferior to her. The beliaviour of the Tyne, 
doriiig this cmia^ was generally inferior to that of the other 
ships of the squaiboa* 

A similar eemp«rison*among the eorvettes will show, that in 
the first cruize, in light breezes, close-hauled, the Cohnnbitie 
- was usually superior to ail the ships of her class, but that there 
were occasional instances in which she was beaten by the Wolf 
and Satdfite. The Acorn, Trineulo, 'and >Alert, were in mode* 
rate breezes leewardly, when compared with the above ships. 
When blowing hard, saihng close-hauled, against a head sea, 
the Satellite was rather superior to the otliers ; the Columbine, 
Trineulo, and Wolf, were about equal to eaeh other; the Acorn 
was genemlly, and the Alert* always, inf«ior to the Satellite^ 
CohmMie, Trineulo, and. Wolf. When sailing free, the 
Columbine beat all the corvettes | the Acorn was rather supa- 
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rior to Wolf and 6«tolUte^ wlMi im dbdvt eqoal lo •wh 
otheriaMl die Triacob ww • fiMlir tailer llun the Al«rt» 

In the foregoing remarks^ the sailiii c: qualities of the frigates 
and corvettes have been separately alluded to. If we compare 
these two classes of ships together^ it will be decidedly in £avoiur 
of tbe frigates, except that the Cohnobiiie was superior to them 
wiien sailmg close-hauled in smooth water; hat, even m tfab 
eaae, tliey frequently proved thcmsdves the most weatherly 
ships. As far we may judp^e from the behaviour of the Alert 
and Triuculo, of the propriety of altering these vessels into 
slt^s (taking velocity only into consideration), it is certaioljf 
against tUs mcaflme, as the Trinculo vma evideDtly the supsrior 
msel. The Pyramnsy although a pouwrlul frigate of 42 guns^ 
could no more compete with the vessels of this squadron on 
a wind, than the Thetis and Piixton could with the Orestes, 
Pyiades, and Champion, which composed the fonnsr expe-* 
fimeiital sqaadion* This laet alone is suiieieiit to |MO?e 
that we hiwe of late years made some advanecs towards 
improvement; — that the Leda class of 46-gun frigates, of which 
we have a great number in the service similar tu tlie Thetis; as 
also the 42-gHn frigates^ similar to the Galatea, are very mf»* 
nor ships, as far as regards velocity, which, next to efficiency 
in ae^n, is the most eaMntial quality a ship should possess. 

Oil the return of the squadron to Portsmouth, such altera- 
tions were made in some of the sliips as the experience of the 
first cruize dictated. It was found that the Sapphire often lost, 
in a few minutes, by tacking, the advantage which she had 
gamed over the Challenger and other ships during several hours 
by forereaching 5 notwithstanding the Challenger's being the 
longer ship, and must thcrcloKj o])pose more resistance in ^oing 
about. The cause of this difierence appeared to be, that the 
Sapphire worked so quickly, that the head-yards were seldom 
lmu»d round, befiwe she payed off considerably on the other 
tack : this was more particularly apparent on May 4th, when 
she had beaten all the squadron in a long reach of four hours, 
hut was ultimately weathered by the Challenger, after twice 
tacking. It appeared that the head sails acted at too great n 
mechankal admtage^ by being placed so far from the axis of 
rotation. The fore mast was accordingly moved 12 inches, the 
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main mast 6 inclies^ and the mizen aiast 3 inches farther aft; 

The Sapphtref otiaoineoMMlotiaof ligiitw^ 

helm* Tht ab^ ahtrACkma in tha altrntidiia of the mtatty by 

bringing the centre of effbrt of wind fttttller aH^ woiM 
produce a tendencv to remedv this evW, The roaches of the 
courses being unnecessarily high, the main mast was shortened 
8 kifches^ the fore mast 2 feet 3 inehesy and the rnizen mast % 
inehee. No dimitmtioii was in eoniequence required in the aiM 
of the sails. 

The Acorn, during some part of the first cniize, was lee- 
wardiy^ and carried her helm sometimes a-lee. When the 
iqtmdhron put into BantryBay, during the first cmiiei more rake 
WHS gti«n td the maata of this shipi she wis brought more by 
Ihe head, and supplied with 12 tons addilioAal scene ballast^ 
these alterations had the desired effect ; she afterwards worked 
better^ held a better wind, and never carried a lee lieim. On 
her return to Portsmouth, she received a new main mast, 3 feel 
longer^ which was placed 14 Inches fother aft than the original 
one : the mleen mast was brought 8 feet 6 inches feither ftft $ 
the main course was increased 6 feet in the drop; the stone 
ballast was taken out of her, and 20 tons more iron ballast were 
■hipped. Angular pieces were placed on her keel, for the rm* 
sons whieh iMwe been mentkmed for placing such pkecs m the 
keels of the Challenger and Wolfe 

The Satellite was supplied with 20 tons additional ballast, 
and her main top-mast was increased 4 feet in length. 

It was found necessary to remove the Columbine's main 
MBBi 14 Inches, and her foremast 10 inches ferther aft^ in wder 
to Impvore her helm, which she fteqneiitly carried a*lee. The 
length of her main top-mast was increased 3 feet. The main 
top-gallant mast was reduced 18 inches; the l^owsprit was 
shortened 20 inches, and 6 inches more stive was given it at the 
enter end* She was supplied with a main yard- ^ feet tenfei^ 
a main topsail- yard 5 feet longer, and a main top-ga&attS yard 
4 feel longer, than the original yards ; the length of the driver 
boom was increased o feet, and that of the gaff 4 feet : these 
alterations in the dimensions of her spars, n^ade an acLdi* 

tton to the area of her oanvasa of about tw«h« InaMUad squam 
feet» 
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Tbe foUowing are the dimeaMooB of the wimMfi of tk» Tyiia> 
at the was itted for tlis aecMul cruise 

Feet. 

Mainmast .81.33 

Maiti top-matt 48. 7o 

Main top-gallant- mast . • • . 24.S3 

Fore mast . 71. 75 

» 

Fore top-mast 43. 00 

Fore top»gallant-mast 21,50 
Mizenmast 68. 00 ^ 

Mizen top-mast 86. 5S 

Mizen top-gaiiaat-mast * . • 18.42 
Bowdpht 50.42 

. TiMe enkufed naria p rodt w ad a great iacreant in the ai«4 

of her sails, which was now iibout equal to timt of the Sapphire 
and Challenger. In order to improve her stabiUty, she.wav- 
aapplied with 40 tons more ballast ; and angular picccsi as III 
the Acotn. were ateured to h«r keeL 

• The squadron proceeded on the second eraiae, on June 30th, 
1827. The Adaiiral hoisted his flag on board the Gaiatea, 42 
guns. Captain Sir Charles Sullivan. The Acorn was commanded 
by Captain Goitdon. T\m prevailing winds, tlutrnghout this 
crtiiae^ were ecttemeljr Hght; indaed^ dnrtngmany of the ttial^ 
the wind lolled to a perfect oaloiL The adrantage whieli thd 
Ch^lenger gained over the Sapphire and Tyiie, during the 
second cruize^ in moderate breezes, close-hauled, was much 
greater than ki the preceding endse i this, however, appeared 
to daeieasa towards the terminatioii ol th^ orttlse^ when tkf 
Cliallanger becanss lighter on acooant of the consuaapdon ol 
provisions. The Tyne was evidently improved by tlic altera- 
tMMM which were made in her, both as it respected stability 
and weatherly iptalities. She had an occasional advantage ki 
tight wlnda^ over the CbaUefiger» bat Mora frequently ever the 
fiepphirs. 

, When comparing the qualities of the frigates, on those days 
on which it blew half gales of wind, sailing against a head sea, 
St was found that the i^apphire was superior to the ChaUengetj 
and the CkaUenger to the Tyae« The Tyne, however, on one 
of these occasions (Aagwt 17th») behaved extremely wel^ as 
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she was equal to any ship of the squadron, ^ling free, the 
Sapphire was still svperior to the ChalMger^ and the l^ne 
was inferior to both. 

In making a similar comparison 'between the qualities of the 

corvettes in this cruize, as has been do!ie with respect to the 
frigates, we may first remark, that a very material improvement 
was manifest in the Colttmbine, by the alterations which were 
made in her, V/bkn saifing close-hauled, in light winds and 
moderate breezes, her* superiority over every ship in the squa- 
dron was very decided. This was more particularly apparent 
on July 16tbj in a fresh top-gallant breeze, when, in the course 
of nine hours, she beat the Challenger (which was the second 
ship) between six and dimn mil<is dead to windward* The 
Alerty which was the most kewardly ship, was at least ten 
miles to leeward of the Coiumbiiie, at the concUisiou of the 
trial. This was, however, the only dt^y on which the Colum-> 
blue obtained so very great an advantage. 

It remains to mention their sailing qualities in the third 
cruisse, when they were stored and provisioned for six moiitiis» 

Aij the qualities ot the squudroa became more fully known, 
it was found necessary to bring the ships more nearly on an even 
keel, and even in some cases by the head* It is rem^kable 
that it should liave been proved by eiperienee, that seven sfaips|^ 
built by different eonstmetors, of various forms and proportions, 
were all improved by bringing them more nearly on an even 
keel. 

The chief alterations importance, made in the vessels pre- 
vious to the third cruise, were in the Acorn, the main mast of 
which ship was reduced to the original length. The squadron 

got under weigh from St. Helens on the 25th of September. 
Captain Harrison was in this cruize appointed to the command 
of the Challenger, in the room of Captain Hayes. 

The weather tbrougliout this cruize materially differed fironi 
what was experienced in the former cruize, as the squadron 
encountered a continued succession of iiearly scales of wind. 
The Sapphire, which was generally inferior to the Challenger, 
in moderate breezes close-hauled, in th^ former cruize^ was in 
this cruize superior to her, as was appaiwnton September 25tli, 
which was the only day (except on October 6th, when it was 
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occasionally calm,) on ^vhic h a trial was made under these cir* 
cumstances, when she was beaten only by the Columbine.— 
When blowing half a gale of wind» with a heavy head sea, the 
Challenger was ako unable to compete against the Sappliiie, 
The same remark is equally applicable, when sailing free. 

It is to he regretted, that the Tvne was separated from the 
squadron during the greater part of this cruize. The only 
opportunity of judging of her qualities was on October 6th, 
when her behaviour appeared to indicate a material improve- 
ment in her, as, with the exception of the Columhine and 
Sapphire, she l ie at the squadi oii. 

Of the corvettes, the Columbine still maintained her decided 
advantage over th/^, in moderate breeses^ close-hauled. The 
Wolf» in these cases, was no longer equal to the Acorn and 
Satdlite. The same defect appeared in this ship, with her 
foreign stores on board, as was CMdeat in the Challenger, which 
was, not possessing sufficient velocity through the water. 
' We may form a general opinion of the qualities of th^ squa- 
dfoUj during this cruise, when blowing hard, by noticing their 
behaviour on October 8th. In this trial, their qualities were 
accurately defined, and proved that in heavy weather, when 
sailing against a head i>ea, the order of superiority was, Acorn^ 
Sapphire, Satellite, Columbine, Challenger, Alert, Wolf ^ but 
when sailing on the tuk on which they had not to contend 
against a head sea, the order of superiority was, Columbin^ 
Satellite, Acorn, Sapphh^, Challenger, Wolf, Alert. It may 
be here noticed, that although the Colutnbine was inferior to 
several ships when sailing against a head sea, she would ire* 
qnently newly con^pmate for this deficiency on the other tacky 
as was the case on the above occasion. 

Having given a general idea bf the behaviour of the expmf 
mental squadron, dm lug the three cruizes, we may separately 
allude to their respective qualities. In all attempts to draw 
conclusions, or to form comparisons of the relative perfor- 
mances of ships, there are numerous circumstances which 
exist or occasionally occur to render the task one of consider* 
able difficulty : mueh of the good or bad performance of vessels 
must depend on the experience, judgment, and energies of the 
comnumdeni; delays may be ^c^oned by apci^fmts which, as 
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they may not ha Hpp;ireiit, caiuiuL be accounted for j the uncer* 
tain and variable nature of the winds, and in fact, so com- 
plicated are many of the oirimmstancea which affect the saiiinf 
of a nhijp, tkU H b hardly pottuble to account for the difivrenca 
of her behaviotir al diffisrent timet. Thua; en one oecaMon, 
May 4th, in a fresh top-gallant breeze, the Wolf beat the whole 
of the squadroii to windward^ whereas, on another, May 10th, 
the was the mmt leewardly ship | the quantity of sail set in 
«ach cai€ waa the wmt, anid thara was no appaiant variatioii 
itt the nature of the iea, 'or in th^ strength of the wind* 
Other similar instances might also be adduced. 

The Sapphire, when sailing on a wind, excels in a head sea, 
blowing hard : ahe ia a weatberly ahip in light and moderate 
breezes, and is a very faat aailer off the wind« She has good 
Btabillty, ia easy in pitching and rolling, and poiaesaea good 
accommodation for her officers and crew. Her stowage would 
have been improved by more depth in hold, and iier ports should 
be a few inches higher out of water; but, taking her qualities 
altogether aa a ahip of war^ ahe ia the fineat of her class in tbo 
aervice* 

The Challenger, when stowed for channel service, behaves 
extremely well; cither sailing close liauled or free, in moderate 
breezes, or when blowing hard ; but she has not suthcient sta- 
bility. When stowed for foreign service, har stability ia iiti- 
proved, but her velocity is greatly dimitnahed* She has great 
capacity for stowage, which cannot be fully made use of, with- 
out proviiig very injurious to her sailing. She carries her 
porta well out of water ; her accommodations for ol^cers and 
asen are good ; and she is very easy in all her motions. 

Tlie sailing qualities of the Tyne, when stowed for channel 
ainfvice, in the first tii^o'cnlises, were very generally infbriot to 
those of the Sapphire and Challenger. her behaviour when 
stowed for foreign service, we can only form au idea from one 
cbiy'a trial in moderate weather, on which occasion ahe behaved 
vary well. She is easy in all her viotbna, poaseaaea good 
acoommodaliona for officers and men, is not deficient in stow* 
age, but has not sufficient stability. 

The Columbine when sailing close hauled in smooth water, 
has extraordinary weatherly properties* When blowing faard^ 
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•lie dues lM>t excdi tailing against a head sea, but on the other 
taclv, she nearly compensates for this deficiency. She sails 
very fast tUe wind ; has very commodious decks for %;hti|]g 
iitr gwity and woiking the ship i is rather otmSau^ in stowi^e ; 
pos seiip s good stabilityji but wbieh is greatly compromised by 
the lowness of Iter ports* The great fineness of her after body 
occasions he;ivy 'scending, winch produces a tendency to work 
her fastenings ; besides ivhich this peculiarity of form cannot 
baccH^idered the most advantageous for a sbip^ ta ease she is 
in a heavy gale» or when scudding. 

The Aoom and Satellite^ when sailing close hauled in mode* 
rate breezes, are weatherly sliips ; but their superiority is 
chie% evident when sailing against a head sea, in a gale of 
wind. When blowing fresh^ they sail very well off the wipd^ 
hut not so well in. light windsb In other respectSj they possess 
the good properties of the Columbine, with the additional 
advaatagc of carrying their ports higher out of the water; and 
in their general efficiency may be considered two of the fines( 
corvettes in the service. 

The properties of the Wolf appear to be very similar to 
those mentioned when referring to the Challenger, as her sail- 
ing is greatly injured when stowed for foreign service. When 
stowed for Channel service, in moderate breezes on a wind, or 
aailing free, she behaves very well ; neither can she be consi- 
dexed deficient in M^eatherly properties when blowing hard. In 
aeeommodaUo% stowage, and carrying her ports well Out of 
water, she is equal to most ships of her class, although the 
form of her body is not so ac^usted as to contribute to her sta- 
bility, 

liiese craizes have shown us, that ships of very dissimilar 
forms and proportions may sail well. For a ship to answer^ 
she must possess stability, small resistance to going a-head^ and 

great resistance to going to leeward. We may easily conceive 
that several varieties of form may conduce to these effects : 
some in a greater, others in a lesser degree : and that, what is 
lost by one peculiarity of form, may probably be gained by 
another. 

Itisnot, however^ the form of a ship wliich alone contributes 
to her sailing. The setting up of her rigging, the trim of the 
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the lengthy and the angle to which the yards are braced, are 
considerations of the greatest importance to the ])ropertie8 of 
a ship. XUe ang^e to which the mam-yards of most of the 
•hi]^ of the squadron were braced^ when sailitig close hauled, 
Taried between 27? and 30? ; whereas the Columbine's main- 
yard was braced to an angle of 19?, and frequently to an ang'le 
of only 17^. On this account, and from her being riir^ed as 
a bark, she possessed many of the advantages of a fore and 
aft rigged vessel* Anotlier thing which is probably of equal, 
or even more consequence^ than any of these to the fast sailing 
ojf a ship, especially when on a wind, and indeed which is abso- 
lutely necessary to e^ive her the full ad\Tintai^ of the properties 
she may possess, is the cut of and manner of trimming the sails : 
this is a point in naval science, to which too much considera- 
tion cannot be given* 

It was intended to have entered more fnlly Into the proper- 
ties of tiiese sliips, but the already extended length of this 
paper prevents it. It may be naturally asked, how far this ex- 
periment has forwarded science } If no new truths have been 
elicited, it has at least confirmed many opinions which have of 
late years been frequently advanced in this country : — 1st, That 
the quantity of ballast may be considerably reduced, as is evi- 
dent from the Sapphire and Columbine. 2d, That we may 
with propriety increase the breadth* of ships,* as is evident in 
' the Columbine. 3d, That the after bodies of ships may be 
made much finer than they usually are, as is also evident from 
the Coluuibine j although it does not appear advisable to carry 
this to the extept which is done in this ship : the same remark 
is applicable to the breadth of ships. 4th, That the draught 
of water may be diminished, as has been in some degree done 
in the Sapphire ; and 5th, It becomes doubtful, whether the 
yards of ships when sailing on a a\ iiid, ma\ not be braced much 
sharper than is warranted by present custom* 
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PAPERS 
NAVAL ARCHITECTURE, 

Art. IX.— 0/t ^/ic /2i.ve, Progress^ and present State of Naval 
jirchUectwe in thk Country : in two Lectures delivered at 
ike /eqyol Imtknlum ^ Qreai Biitain, m ike &mmg9 of 
FHday the 2d and FHdap the I6ih of May, 1828. Bj/ 
John Kmowuss, Esa.* F«R.S.^ and commumcated by him» 

LECTUftB I.-i-The advantages of Naval Arcbitectare, to 
coudtriea whoae local aitoation enables ' them to enter Into 
aftantime and commercial pursuits, need Hot be long insisted 

tipon by me in this place. By the means of ships, civilization 
is promoted, affording, as they do, intercourse between nation 
and natioDj however remotely situated : by this, the Inxurica^ 
nay, what may, through habit, be considered the necessarfes of 
fife, are more generally dllliised ; and thus the more fevotnred 
countries by climate are enabled to pour forth their super- 
abundance, to meet the wants or wishes of nations to whom 
nature, or the God of nature, lias not been equally bountiful. 
But, to Great Britain, ships have conferred more aignal and 
lasting benefits. To go no further back than our own times, 
when for twenty years the sword and fire ravaged most of the 
countries of Europe, the navy of England gave to this country 
the commerce of the world} and, by protecting her shores in« 
violate from foreign invasion^ afforded peace and happiness at 
home. 

In showing the rise and progress of naval arcliiteeture iri 
England, the observations which I sliall have to offer will neces- 
sarily have relation to some of the data upon which this science 

1 
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depends; and that I may not be misunderstood in these, I shall 
tnt explain, in as familiar a manner aa I cauj some of the lead- 
ing principles. 

I acknowledge my ini^q^^cy toT^ this. In a aatiafactoiy 
manner, before so leamM knd sdeildfie a body as the members 

of the Royal Institution ; and must therefore beg, in the words 
of a learned critic in another art, that the indulgence which, iti 
justi^i^ yau ninstrafiiie to my powers, youkwiU grant to my 
will. 

In a rude state of society, when roan first trusted his body to 

the water, it is more than probable that he employed some ex- 
traneous aid to float him, and, for the purpose, used some sub- 
stanea which he saw alwisys swimming upon its 8ur£sct> oi^ in 
alh«r wirdif ivhioh war ipeciiwaUy lightar than jtha water 
itself. This would lead to his rendering swph bodies itUl m^re 
l^uoyant and useful to his purposes, by allowing their volume 
of displacement to remain the same, and decreasing the weight, 
by making them hollow ; such as we witness in the canoes of 

«m wii9 )mk hceiii ^^ timcs» d)sP9VCied by «ircpiimavig»(m in 
nearly a savage state. From .sqch b^nntngs, as vian advanced 

iu civiliaation, and required floating, bodies of greater capacity^ 
for various purposes^ so he contrived to put several trees toge- 
tjl^fff^ aqd construct .|t raft^ apd subsequently to fori^ hollow 
vmsels to ccffitaiil goods.' Tbu^ step by step, he arrived at the 
leguhf construction of ships ; varying t^eir sia^ fono» ap4 ^ 
plac^entf according to his wants, or to meet ]ocal circum- 
stances. A correct knowledge of the displacement of a floating 
body is highly necessary for a variety of purposes; th^ priucipal 
qf which are, — Ist, It enables a naval architect to ascertain the 

fACt 9f th^ id^u^ ifeigh^t .of a ship^ when tight and when 
loaded 1 ^ndt 2dly, designing ships of war, the constructor 

of the draught being already aware of the weight intended to 
be put into the ship, arrives, by this, to an exactness at tiie 
b^i^t ^ y>[W^ the portsilU will be above the iin§ of fluitf^^ion, 

mos| iinp^rtan^ consideration i fvs^ in timea whfm metboda 
of calcuUting the displacement of ships were either not ki|pwn| 
or not praotised, fearftil ac<;ide^t8 arose to them, to which I shall 
have occasipn to advert i^ore p^ticularly |u course 9/ this 
texture. , . . . . • 
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Sine© tcience has shown that the vohime of water disjilaced 
by a thip is equal, in weight, to that of the body which cautm 
it to be to ditpliotd, tod m tii« bodiM of ahipt m eonpoMd 
•f irtigttlir eimm, lone difficulty wnttM to «oikie at thdir iMdid 
contents. Hence several methods have been .derised, lom 
mathematical and others mechanical, to arrive at the fact of a 
ahip*ft displacement* It would be foreign to my purpose td 
enumerate these in Ihiir order of time: suffice it to say» that 
all of them, lor usefidnesa aod elegance of aiiplicacioiif have 
gfveh way to one inirodaeed by Chapman, a Swede, who, by 

assiiminjgf upon the plan of a ship's hody a load-water-line, 
drawing others equidistant therefrom> and delineatuig the forms 
deacrtbed by these several lines in a longitudinal direction, and 
tiien melMiiHog) by means of equidistant ordinaMs^ their dis* 
taneee frmn a right line, and applying to these a formula (whiolt 

he gives) derived from the ])araholic curve, to which the forms 
of ships approximate, the dibplaeement is determined with suffi- 
cient accuracy. And this operation leads to finding the centre 
ef grm^of the displaeemeut, end also the itahtlity of a ahapt 
by 4 ^int ealled the metaeehtre. 

• The stability is the next element of importance iii naval 
construction. It is that power which the body exerts to retain 
or regain an upright position, when under the influence of any 
force tending to incline it : such as ^e force of the wind upon 
hull of the ship above water^ ajid upon her aaili» or the 
mal -position of any weight placed on board. Ships of similar 
dimensions, with regard to length, breadth, end depth, will 
vary in stability according to tlie greater or less area of Uieir 
Xuea of fittitatioil.(upoo the extent of which this quality mainly 
depends), aeeordiug' lo the form of their bodies at» below, and 
above, this plane, and aeeording to the weights in the ships, and 

their respective distances* from the centre of gi a\ ity. 

As it is desirable that ships should have as much of stability 
by form aa can be advaotageously obtained, so it is necessary 
M the aftja ^ the phm of flttitatioii,and tiie seelioua parallel 
to thnt |toie, for some distance above and below it, dmuld be aa 
great a& convenient. This not only raises the centre of gravity of 
displacement, but causes the stability to increase as the body 

incliiies by the £orce of the wind, (jarc, howevei:, stowld be 

i2 
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taken by the constructor, that the solids of immersion and 
emersion are properly regulated, so as to prevent aa uneasy 
motim when the ship rolb^ To add to 9tebility^ the ballast 
should be placed as low down m it oMib^coaiaatent with eaBi«> 
ness of motion. ' . ^ 

When science was called to the aid of uaval constructors, it 
became with them an object of the greatest importance to find 
ft meaiiire, which might be depended npoo^ of the ^tabiltty of 
ships of the same <tes. Bonguer tvmed his a t ten t iei t to thir 
subject, and produced an elegant and s nffi c k ntly cofteet method^ 
which was, to determine a centre or " point in the vertical lon- 
gitudinal section, which divides the ship into two equal or 
similar parts, below which the centre of gravity must necessaril]^ 
be eitnated, in order that it may float npfight.'' This he called 
the metaeentre* The centre of buoyancy, or displaoementy 
naturallv alters its positiou according to tlic immersion of the 
body ; and as the metacentre is dependent upon this centre, so 
it will also be liable to change its situation : and as the eom^ 
peMive meaanre of stability is^ as the respective distance of the 
metacentre from the centre of gravity of the ship, so it is evident 

that, in t]:ie same vessel, the stability will be variable. It may be 
right here to remark, that, under ordinary circumstances, the 
centre of gravity of our ships of war is generally at^ or a little 
below, the line of fluitation. 

It has been sUted, that the mtleal sections of ships 
approximate in their form to parabolas. Clmpman has ^ven 
a formula, derived from the parabolic curve, by which the meta- 
centre also may be easily and correctly found% I am aware 
that this method of determining the comparative stabilities of 
ships, is open to some objections, Atwood has proved this, in 
a paper published in the Philosophical Transactions, and has 
there given a very laborious method of finding their stability. 
But I repeat, the metacentric method is preferable, as it is easily 
determined, and, when found, is sufficiently correct for all prae* 
tical purposes. Atwood^s method requires much labour^ and 
occupies a length of time in coming at the result, and is of 
course liable to the errors common to all lengthened calcula-^ 
tions. 

Numerous as hanre been the theofies of the mistances of 
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fltu^Bj yet, after the most laborious inimtigations, aided by 
perittieiiti, no aeourttte law has been citafaliBlied* Heme the 
dKMiculty ivMcli attends tlie naval areliiteet to ascertiuii the 

forces wliich act upon a ship when pat into motion, to regulate 
the position of her masts, and to place the extreme breadth or 
greatest section in the mostadvantageous position forveloctty. 
' It would be foreign to my purpose^ in this place, to enter 
into what has been advanced by mathematictans, partteularly 
by Eulcr, of the degree of resistance which it is prohahle a 
vessel meets with in a direct or in an oblique course, what is 
due to the bow ot fore part of the ship (called the plui prea« 
sure), or how niueh to the stem or after part (the mtwi^ pres- 
sure)/ or whSt to irictioQ. I shall atate what has been asceiu 
tained : that, ccBteris parilnis, the resistance which floatiiia^ 
bodies meet with in passing throtigli the water, is as the area 
of their greatest section, and that the resistances increase as the 
squares of the respective velocities. From the former of thcso 
principles, It will appear how important it is Ibr ships to have as 
small an aiea of midship section, as other considerations will 
admit of. 

Itie motive power usually employed to propel ships, is the 
force of the wind exerted upon eanTSS sails, which ore spread 
and directed In a proper position, according to the intended 

course of the ship, by means of masts and yards. The position 
in which these masts and yards sliould be placed in the ship, 
and the proportion which they should bear to its stability, are 
circumstances of the highest importance* As the stability of 
ships (if advantage he taken of their principal dimensions) in^* 
creases in a geometrical ratio with dieir respective breadths^ 
while, with regard to length, it only increases arithmeiiLully : 
so the height of the masts should be determined by the breadth 
of the ships^ and the length or spread of the yards by their 
length. And these' for several reasons : vessels having gton^ 
stabdiiy can bear sails carried up much'higher, and the* masts 
are better supported for the purpose, bt the more obtuse angle- 
which the shrouds make in broad, than in narrow, vessels. And 
although, in long and narrow ships, the area of the sails may be 
equally as great, or greater, yet -they do not act so fiowerfaUy 
to incline the body as when there is a longer lever* 
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i alight have remarked, in the hm oh»ermtifdm whkh have 
htm oAmd upon the muUnee of fl«Nb| thi4.iMilUeo » itop i* 
eetebiUied on tiiia iioint, the proper eileetioo #f the la e rte ift 

ships cannot be laid down theoretically. This must therefore 
depend upon experiment. There is no doubt that a difference 
in the forms of ships' bodies will affisot tbek poHtioo» pArtieiH 
horly that oi the fore«mesteml mian^miti so as to pfttsenre a 
belenee of sail^ and that Che abipa vmf perfbnn their evolutiooe 
quickly and weU, and, what is important to this, that they carry 
a weather-helm : that is, when they are under sail, and going 
on, or with a side wind, that the tiller be incUaed a little to that 
aids whenoe Uie wind blofws ) b«t not 9o mneh eo ea |o impede 
iwiinoityo In Ihoae of oiif thteefiniatett iUpa of wtp in whkh 
the masts are considered to be properly situated, the ibre^roesli 
is placed abaft the after part of the stem l-9th the whole 
length of the ship^ the main^mast 5-9ths9 and the mizen-mast^ 
6-7ths* In deference to the prae^ce of aone men of high, 
neme and eatabliahed erediti I em diepoaad to think that the 
litemesttii in some of enr ships recently hiaXt, have bee% for a 

variety of reasons, placed too tin forward. 

When the position and dimensions of the masts and yards 
are determined «pon» there ere other coaai4eralioni to be oh- 
aeieedy with regard to their seGiirity : tueh aSf. the a^gle end. 
pentiea of the shrouds end stays plaeed for their sapport } and 
that these shall prevent, as little as is practicable, the yards 
being properly braced, in order that the force of the wind may 
he advantageously applied for propelling the ships in their in- ' 
teitde4 eoune. Suler give% ee the iieat dispoattion of ^ lails^ 
when the veesel is idese hatded^ 21?, with the wind aheam 
32° 30', when going large or right before the wind 57^. But, 
in practice, the shrovids prevent the yanls being braced, when 
the vessel is close hauled^ seldom less than by witueh 
p0«ver and other edvanti^ tn(4 certainly lost* 

It may he ranarked, in ihia :plaee^ that the shape or cut of 
the sails is an important point for if, when it is intended that 
they shall be sharply braced, there should be a considerable 
curvature in them, it will not only iiB|»ede the velocity of the 
ship, but increase the )ee-wey« ; 
To prevent accidentt Ukdy to tifm from aiidden goats of 
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i^dfj flht numm •f Ihi Aim tli« ^liiid i^nmi tiM h&df 
tan Miip, nidii)Mii het Mik^ tlMali Im ho ftguliMl to W 

cMtfliderbbly less than the slitp is able to bear from the moment 
of her «taWHty. But by ^r^ving^ due confiideratioTi to this point, 
by regulating the extent, and, consequently, the power of th« 
iaife to the MabMiy of lh« body, aucli Mdteita M not mhe 
apprdMHida^ In large Mf^i «hm tMr iUbiiity is gveat^ •« Ito 
material of which their sd^l i tei ad f (o«n¥ia) WMdi gWe w«f 
and be destro} ed by the force of tlie wind, before the ship 
would be heeled to an angle at which danger ta to be appre« 
bended. Aa a general aatiom^ however^ the jpower of the aail 
sUmld be'Mi ftdJiMted to tlMs ■feiMKty of tiie Mf^ iIm% wiar 
oiiMinf ^fciyetfMatance«> ^e Inolinttdon ahooM never eneieil 
seveti degrees: for, besides the many inconveniences to which 
the seamen are put, on board those ships which heel more than 
this angle, their Velocity is diminished; as the area of the sails^ 
ttid tbe Ibree fvHh nMeh the wind aeli npon Aemy-are both 
deereosed In proportion fi6 Hhe fneiinaitlon. 

It has ])eeii already stated, that, every thin<^^ che being 
ecjual, the comparative resistances which floatinti; !)odies meet 
with in their passage through the water, are, as the respective 
areas of iAitit btoAdeaC section. This IluA beieg eiUblisbed) ii 
hoa led to An important ohailge and grtat impitwenMiit fai iMpe 
of wat 6f most nations : for, in oirder to decrease the area of 
the midship section, it has been foiiiid necessary to give a 
greater proportion of length to breadth to the ships, so that 
they mkf siiil have auffieieni displacement and stabibty, * 

l&iepeirien«e'4eeftis to have deteiwhied tliet the Mlowbig 90% 
the best proportions of lengUi to breadth, the length being 
taken at the water-line from that part of the stem against vviiich 
the planks abut, to a similar place at the stern-post, and the 
breadth, at the tine of fluitation t^ln first-rate ships of 120 
guns, having tiirCe pflneipal decks, 3,75 times as long aa they 
ate broad ; in second bnd tbM-^rates, varying from M to 74 

guns, and having only two principal decks, from 3,75 to 4 times 
their breadth for length : the larger the ships, the greater should 
be their comparative length to breadth; in fourth-rates (frigates 
froili t& to 60 gtms), iirom 3,9 to 4 times their breadth for 
lengtb i in fiftb-rates (frigates Irom 50 to 42 guns), ^ tines 



Digrtized by Google 



120 Qn the Rise f Progress ^ and present SUOe 

llwirbfteMilbr length; iii«MM«le9,ll8g«M^4y6ti«Mllp0b 

breadth for length ; in corvettes, 3,S to 4 times as long as they 
are broad } brigs, 3,27 as long as they are broad ; and in cut- 
%tn (a vessel peeuUar ta the Etif^^}, ^ tines ^s -loog as they 

> S«cb beiiif the prineifNil eleflMiiu of BStil e&MbnMiAm, I 

shall now proceed to give some account of the rise and progreasr 
of naval architecture in this comitrv. 

The foundation of the naval power of England waa laid by ^ 
AKved^ who^ when he a«etfttde4 tbe lliroiie in II10 year 871^ 
Jbund HiBl th» siiHtory fotoe ma- not a«ffioient4o Mfttl tlio 
Danes and other invaders who had so often disturbed the tran- 
quillity of England, and that all his views of the internal im- 
provement of the country would be iru&trated^ if invasion were 
Ml pmeatad* He ^etermiiied^ tfaeioteef to buiW galliea (Ibr 
of aneh a natofe was the iMural foroe of moet coimtriei at tlua 
time)) wlueh shoidd surpass, in shie and power, those iwually 
sent over by his most formidable enemies, the Danes, In the 
fourth Year of the reign of this king, we accordio^y leara, that 
his galteys were numerous, that they were twice as long as those 
of Deninark ; theroiim ada|ited for veloeity, and katter cakift* 
lated for the intended purpose. The form of their liodies, and 
character of these vebsels, having been contrived by Alfred, he 
tnay, therefore, be considered (in the order of time) tlie first 
naval architect for ships of war of whom England can boast. 

This wise policy was not followed, either })f fidwardj Athel* 
Stan, BdmuHi, Edred, or fidwy, the immediate anaeessora of 
Alfred 5 and therefore England suffered from invaders during 
their reigns, aud was oljliged freqiientlv to purchase an ignomi- 
Qious, and always precarious, suspension of hostilities* 

When &]gar mounted the throne (in 959), he adopted tbo 
same line of poli<^ which had marked the reign of Alfred, and 
' tlie navy rose to a height wldch' it had iMifore attained. 
He divided his numerous fleet into three squadrons, which were 
constantly kept cruizmg, the better to afibrd protection to the 
shores of liis kingdom. But the navy again foil into deany 
doting tlie reign of Bthdred^ which fovouiad the invasions 
of the Danes, and obliged hfan seveml times ^ purchase of 
Ihcm a dbgracefui peui^e, - / . ■ 
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Edmund 11. succeeded his father in the year 1016^ and, beii^ 
% mau of great phy^cal powers, and a foldMMr»^ naturally de* 
pcoM Imr tiie Mifely of the ki^gdov iipoii nmhr i|B«liliiB» 
tmA Ihfliie&ra nke^ a cqoflMleniUe wmyw But wIm Cimf 
succeeded him, he pursued a different system, and raiiied a 
laaiiiie force for the protection of the kingdom. 

Harold ii«g)£eted the navy* £inr,iika Ednamd^ lit onmktted 
tiM bis own iumI kii|giloin*a .mbiy depended hj» Mmf$ 
and when tJuaatened wkb immnoa by WiUim of Nonundyt 
he did not even employ the naval force which he possessed. 
This false |M^y aad oversight cost him both his crown and 
Im Ufcu 

l)ieocHMiM»t of£BgUiid \Ky WiUiain^ io 1066^ gm^fto tkb 
oountiy a great aeeenion of shipe^of all the .deecwptikme thea 
in use ; and tlie navy, was maaned with exdeUent eeemen, well 

trained by the constant intercourse, which there then was, be- 
tween thift country and the ports in Normaady. At this perical^ 
the eoveieignty of the narrow hetwem Eaglaad aad No^ 
mandy wemdeiwedby WiUieaij to which ha eoawidigtdhahad 
a title, the shoret of the twoeooalries bdag hbi and hcnea tha 
denomination of " the Biitibh Channel/* 

It is only fair to presume, that, during the reigns of WiUiam 
Balus, Henry I., ^phen, Henry li^aad Ridiaid L,,onbfaolag 
a piitod of Tather moie than a eentury, the navy w«» aot n«f9« 
leeted; for the sovereignty of the narrow seaa waa iheinteined ; 

and the fleet of England, during the reign of John, who came 
to the crown in 1199, was sufficiently respectable, in force and 
numbers^ not only to claim this right, but the right of the whole 
of the seas : for it was enacted at this time, that if the mai« 
ten of foreign shape shonld refose to strike their eolpui*, aad 
thus to pay obedience to the English flag, such ^hipa should be 
considered lawful prizes." 

• During, the long reign of Henry ill., the navy was suifered to 
go into decays end ha lost the respect which thia coaatry had 
for eom tiine previously miuntaiiied by ita naval forec Thii 
arose^partly from his distaste for maritime ailkirs, but chiefly 

from his (hbputcs with his Barons, wlio pi evented tliose suppHea 
bein^; ailorded, from the cinque ports, which the crown had 
l^n accustoiocd to draw ftom tbenit 8q low .vwa the aa^y in 
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tKe IHM^ tliAt all the force which Henry was able to coU 
k«t^ to Mompfttty hfo toil fidvnMr^ I^ii4 ti«|4iew EimitiiA in a 
etmaJSmg ixptdHiiiii to tho Holy Und) WM tliiftieto Mil 
' maelsy capftbto 6f containing aWut 1000 ioMlcva M** 
lowert. . . . 

Little is known of the naval force during the reign of Edward 
L| InH fidwittA II* ftpptm to have piid nmeh tAtentloii to 
•h^^g^ mud to h&m faitiotittood ftoano fanportant dianges 
tlMfolii* QMm had bcMi faMievlo Mhployed m -veiaefo of wari 
this monarch ordered larger fthips to be built for that piir])ose, 
to )d& propelled either by sails or by oars, and which^ from being 
higher out of the wateri geve salety to their crevra and deeided 
ftdkafttaget in employing iheee ImplemitB of imtM whaeh 
nei* then fa nee. 

A question naturally arises,— Of what nature were the ships 
at this time, and liow were they armed ? Although, after the 
galHea had been discontinued, a larger class of ships was intro-* 
dnoedi oalted gaUeensi yet ii it eHdent, from tiie numher of 
Vettele which wat Mquited to convey but a small body of troops 

for even aShOrt voyage, that they were not of a large size ; and 
if we may credit the delineations on cohis and old prints, they 
were rude in foroi, fitted with one mast only, and little capable 
of performing voyftges, except the wind blew on the shore to 
which their altentioo was directed. In the middle of these 
ships niachfnes wereplaced^ for projeetSng darts or stones ; and 
forward and abaft were < astles, in which archers and croRs-l)ow 
men were placed : but when they came to close quarters, the 
sword was the weapoii used. We shall, find the circamstunc^ 
thsft ships hid castles at ttus period, afore and abaft, vedfled by 
a letter in Robert of Avesbnry's ' HUtorkt de iKmtiW^ Gegtik 
JSdwardi tertii," of which the following is the translation :— 
Be it remembered, that onr Lord the King and his host 
landed at Hogue -de 8t. Vaal the 1 2th of July. He found at 
the Hogne eleven ships, of which eight had ctotles before ahd 
behind, the which were burnt* And on the FMay, wMbt the 
king remained there, some troops went to Barfleur, and ex- 
pected to have found many people j but they saw none, and 
they found there nine ships with castles before and behind, ij 

good cfaletti mid other smell viseebj the which were burnt; 
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And the number of ships which were bttrnt i« •Uty<-Oiii of waty 
wiUft castiea before Mid b^bimU" 

B«t during this, the fouitetiicli ceiitm, two iiii|iortMit.«if^ 
cimitmoeft took place^ whMi ftkMd the luitvra of ttftvil nrthH 

tecture altogether r the first, the discovery of the manner's 
compass, in the year 1302; and the next, the introduction of 
cannon, which were firtt used by Edward III. at the battle of 
Cmayi in td4<»|end no doiib% tern tli« inprMdod which fclii)r 
then medfi wipt.ahortly aftenmrdi put into ahipi of war. 

The application of magnetic attraction, to direct ships in 
their course upon the ocean, or the introduction of the mari- 
ner 6 compass, is due to Flavio John de Gioja, a native df 
AmeAfiy in the kin|;doin of Neplea,, whO| by thie invevilio% rear 
dered the meet impoitMt eervlee ever eonferred upon inenfcin^i 
NengatioR, owing 10 the faue of menkindi was, prior to thie 
period, confined to the coasting trade, in small vessels of hligiit 
drau|(l|t Qf water I. o( if a voyage to the opposite shores of a 
ioerign eoontiy wee ^|ttMipted| it OMiid only be performed 
when the wind wie fair, lodfive the eliipe thitlieri end in wen* 
ther when, in the night, the tteie were not likely to be obtenied 
by clouds. This ioiknt state of navigatiou is thus described liy 
Uryden 

llude as their ships was Davlgation thstl,-^ 

Nb useM eoeipati «r eisMaa kaewei 
QoMlh^r, they kept Ae liei^ «itUe thilr kea» 
And knew w north but when the pole-star duiaak'* 

But when the compass was introduced, ships of large burthen 
were built^ men put fearlessly to sea, into deep water, losing 
tight of lan4| and tlependiog upon this useful inatrument for 
their couree* 

The introduction of cannon on board ships made it necessary 
to increase their dimensions and strength, in order to allow of 
their carrying this additional weight above the line of fluitation. 
And when port^holes were cut in the sides, through which the 
gune were, to prqiect and be fired wi^out injury to the fabric 
of the ship, (wluch however did not take place until the year 
1500,) it then became a consideration of moment that the 
fhi p abould have their portsills a sufficient height from the 
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'Water, to prevent accidents from the ingress of the sea, when 
in an agitated state^ or when they were inelhwd hy a press of 
wan/ 

Little, if any thing, worthy of notice etm be traeed re«f>eeting 
the state and progress of the luiv y during the reigns of Richard 
II., Henry IV., V., or of Edward IV. and V.,^ — a period of 
106 yearn. And althoiq;h Richard IIL held Ite olBto of Lord 
High Admiral of England, when Duke of York, yei ho Af^ieafs 
to have lost sight ofthe navy when he came to the erown** 
• Henry Vf I. had other and better views : he felt that the glory 
and safety of his empire depended upon its naval force ; and he 
probably was tha first king, since Alfred, who oodstructed ships 
expressly for na?al purposes* ' Die Chest Harry, of 80 gons, of 
^vfkii^h'there Is a beantiful nitfdel now befbre me, waa fold 'down 
bv his direction, but was not completed till the commencement 
of the reign of his son, Henry VIH. Earlier than this period, the 
commencement of the reign of Henry Vlli.^ there are but few 
Uocttmentary fseta -respeeting the navy; so thlit the histotian is 
tilled to be eoMshtwMi'thSSe, and to fill up his narradve 
-with conjecture. But now we have some guides which are to 
be depended upon : I mean, the pictures of the able artists of 
those times, whom the liberality of Henry induced -lo reside in 
this country, and, what is still more important to n^val archi- 
tects, the model now on your taUe $ for which the goyemment 
is indebted to the liberal views of Mr. Holdsworth. 

But let us pause for a time, to examine this model, and point 
out its peculiarities. The length of this ship, at the water-line, 
was 138 feet; her breadth, fi^om out to outside, feet j and 
the draught of water in midships, 22 feet Sinches : this dranght 
of water, 1 should premise, ts not cfonjeeilufal ; as the learned 
and accurate Raleigh stated, that wlien she was loaded, the 
portsills were not more than sixteen inches out of the water* 
The height of the middle of the ship above the line of fioitatioii^ 
was 22 feet 7 inches. . 

It will appear e^dent, even firom a cursory inspection, that. 
From the number of guns with which this ship w as ai med, and 
the niuiiber of men necessary to work them, that she was not 
of sulhciently large dimensions, to give the requisite displace- 
'ment, so as to carry the ports a proper height ^bove the lii^ of 
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water. Nor was the proportion of breadth, as campiured to 
length, suiiiiBieQt to give a ship, so high out of the water^ partU 
calarly fonvard and akak, and •» 0¥o4aaded with CMiaoilt a 
pvopar degvM of tlabificy ; Iba want of wliick wm proved psi>* 
liculnrly in this ship, and another conatnicled about tiie mmm 
time, and consequently upon the same principles,— the Marie 
Rose, which sunk with all her crew (more than 400 men) at 
Spitheady by fiUiqg witk water taken in at her ports, in jui 
allonpt to wear when the Breiich fleet appeared off that an* 
chorage ; and the Great Harry nearly Buffered the same Cite,, in 
performing some naval evolution. Added to these, the draught 
of water of the Great Harry was considerably more than iialf 
her breadth ; a circumstance always to be «mded» as, gene» 
lally^ ships are not found to answer well al sea, whose inyner* 
non esGCttds one half their main breadth at the water*line» 
- Having adverted to her construction upon some of those 
principles which practice has established as a law, and which 
are to be accounted ior upon mathematical reasoning, I shall 
how proceed to direct yesur attention to the pecnUartties in her 
bnild^ and in her masts, yards, to. 

The first thing which strikes us is, the round bow with its 
projecting prow : this forms embrasures with loop-holes, and 
is decorated at its extremity with » lion, which emteads thirty 
£eet from the stem. The ovtrhanghig stem next oonwi uader 
observaUon : this projects twenty fitet from the line of suppoet 
by the water, and is ornamented with cumbrous carved work, 
and further loaded with two castles. This formation of the 
prow and stern, by their height and weight, caused the body to 
he nnstable, and* also increased the motions of piiefainf and 
'scending. The wales^ which are nnw worked modi tfaieker 
than the odier planking, and placed elose to the timbers of the 
frame, are, in this model, brnuglit over the planking, and, to 
give additional strength to the topsides, abatment pieces are 
placed between the posts, from the upper wales to a thick 
stralGe called the string in the waist« The hawse-holes^ theeogh 
whichthe cables pass when a ship lies at anchor, are here pbecd 

on the middle deck : it is presumed that this was done from 
necessity, the, lower deck (the position where they are now 

naaatty cKt through) being too near the wafeer« . There are four 
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etatlM on each side, probably im cross-bow men. It is also to 
hb winarMj that tli» alnp \m wliatia ciilM a «pafe tqok} 
and that tha parts in lijsr akUa md mnat tliftoChcr» idddi 

no doubt would be found very inconvenient in action, from tkt 
lire proceeding from the i]i)pcr guns flving into the porta imme* 
diately under them ^ and cartainiy this arrangement was very 
ifetrimental to the gcmnal and nnifimi atreiiisUi of the ahip« 
There wtte» it vnU be pereeiited, Ibe lower oiaatsa 1n» m they 
are usually termed, four lower masts and a bowsprit. The top- 
masts are not afTixf d to the lower masts, but are stepped merely 
in the tops, as also are the top-gallant-masts f and both owe 
their lecarl^ only to the abioiNb and ataye. The lower ahMxide 
ate brought witl^ the ship, wliieh would ht alwayt advtfntiu 
geettty 'if thisy would form an an^ anffieient for elie proper 
support of the masts, as, by this ai langement, the guns run out 
clear of the rigging. But in the oase now bei'ore us, it was no 
doubt very impolitic : m the ship was very narrow^' eo the ineati 
teoeived an inaufficient' support from the ahiouda* 

This model will eel^ve to explain eome of the terms in navd 
architecture, w hich were then ve ry properly applied ; and they are 
9till continued in the navy, althougii a change of practice has 
rendered their meaning nugatory. Here we see that the deoh 
tailed the qverlfcr deck^ la sear ly one fourth the lengtii of the 
ehip; the term ie now uaed, although the deofc n ait leaat equal 
to half the length. The forecastle, now so called, is defended 
by castles ; and hence the term. The tops, it will be perceived, 
are round ; and although now they are nearly a square, yet it 
ia sot Uiilreqiieiit for seamtn to bpttitthem the nmnd tops,'' 
Tbe bowapieet is one atick» without a jib-boom 1 and no doubt 
we 1^ the term bowapreet^^ frdiii a sprit or stick placed in 
the bows, I could pursue this su^^ect^ but the inquiry would 
be more curious than usefuU 

The.Oieet Harry continued in the iMnriee ttnttl 155d» in 
wktehyear she waa bumtby aeeident atWoolwieh. ' 

Prior lo the reign of Henry Vllf., ehipe' were Airnished for 
the service of the state, by the cinijue ports, for which they 
enjoyed peculiar privileges and immunities, or they were either 
purchased or hired of merchants at hom^ or prteQied Ifom 
the Uaaae^wnsy the Venetumi> the Qtno^ or other fiitti«|B 
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government wouM derive by having, at all times, within its own 
power the means of building, repairing, or equipping a fleet j 
^nd hp therefore established dock*yards, — hml at W^olwich^ 
then at Deptford^ and finally at Port8iiioiit)v-«iid appointad i| 
l^avy Board for their maiiagemeot. Aai, in order to indoae 
^e metcliants to build, for the purposes of commerce, sueh 
ships as would be suitable for warfare if necessity required their 
services, an Act of Parliament was pmedj exempting then| 
from certain duties to which other ships were sulgected* When 
they were required by the crown^ the rate of hire was I2d^ per 
month for every man employed on hoard them. And ^r the 
furtherance of naval architectur d that all the knowledge of 
the times might be taken advantage of, he hired Italians, theu 
Xhe most esteemed workmen in shipbuilding in Europe, and dis* 
jtributed tbam among hia shipwrightii for (he imitation and m« 
atruetion of the latter. 

Notwithstanding these excellent measures of Henry to esta- 
blish a marine, the navy, during the reigns of Edward VI, and 
hi^ sister Mary> was not only stationary wjth regard to improve* 
fuentj hut retrogi^aded in numbers and importance t so low was 

at' the aeeession of Eliaaheth, that it consisted only of 4§ 
vessels, and many of these were of a small size. 

When Elizabeth succeeded to the crown (in 1558), she fol- 
lowed the politic views ({£ her father^ and was very intent upof 
iinproving |he i^aval (9roe of the kingdoni« During hor reign^ 
a period of forty.-five years^i the navy was doubled in number^ 
and the ships were constructed of a larger size. Hitherto guns 
of dissimilar calibres had been placed upon the same deck, to 
the inconvenience and annoyance of the gunners* This was 
f«.medied by an ordoTf that all the guns on the aaipe deck should 
)^ of a similtf calibrei and no ship M[«i to earry mpre than 80 
guns. 

The indefatigable and politic Raleigh directed his atteation 
|(o the navy, and contributed much to its improvement. With 
a view tiO increase the stability of ships, he recommended a 
^ueh greater proportion of breadth to length than had hithert9 
been given ; for he says, in his ^Observations on the Navy and 
£ea ScrvicCi^' tliat "one hundred feet, lung and thirty-five fee^ 
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liroad, IS good proportioii for a great tbip.** Thus, in tvkMn]^ 

to improve an essential quality, he exceeded, in this pai ticuluc, 
all bounds of moderation. During this reigu, some of the most 
tmportasit machines and improyemento connected with navdi 
Mhitectore were mtrodnced : among the former may be in- 
stanced the chain pmnps, which, notwithstanding a multitnde 
of trials of other pumps of various constructions, still, for use- 
fulness and simplicity of construction, keep their ground in our 
navy. The capstand, for weighing the anchors and performing 
other important work on board ships, was also invented at this 
time ; and, among the latter, a method of striking the topmasts 
was introduced, and the cross pillars or braces (which were 
claimed in the latter part of the eighteenth century, as an in- 
vention, by a man of some ingenuity, the late Mr. Snodgrass,) 
were theii practised; for Sir Walter Raleigh says, We have 
added cross pillars in our royal ships, to strengthen them, which 
be fastened from the kelson to the beams of the second decke, 
kcepe them from setling or from giving way in all distresses."— 
Again, in the furniture of ships, additions were made ; for we 
find that the bonnet and drabbler, the stay-sails and studding- 
saHs, were then introduced. The building of large ships iii 
merchants' yards, for the royal navy, was deprecated- by Ha* 
leigh, who says, "Great mischief accrues to the service by 
building in private yards, and I strongly recommend that no 
large ship should be built except in royall yards, for all such 
ships did not endure/' In order, then, to avoid this, and pro* 
uride for the necessities of the state, Elizabeth commenced, in 
the river IMedvvay, an additional arbeual, now termed Chatham 
Dockyard. 

Sir Robert Dudley, afterwards Duke of Northumberland, a 
man of enlarged views and comprehensive mind, paid also mudi 
attention to naval affairs : he proposed to lower the fbreeastlea 

and stems of ships, and to abridge their then cunil)n)us orna* 
ments; to raise their lower batteries, and to increase their 
length, so as to make it equ^l to four times their breadth. But 
as hb views did not meet with the enconragentent which he 
expected from the government, he constrttcted a ship at his own 
expense, and made a voyage to India in the year 1 594. 1 1 is to 
be remarked, that Sir Robert gave the plan of a vessel which he 
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called a fr^atV' similar to the frigates of the piesent 
day. 

The spirit of enterprise and improrement in naval archi-> 

tecture, which marked the rei^ of Elizabeth, continued during 
that of James 1st, who came to the crown in 1603. He 
appointed commissioners to inquire into the state of the ^navy^ 
to examine into the qmmtily and condition of the storesy and to 
offer suggestions for the presenration, maintenance, and im- 
provement, of ships. He also chartered "the Shipwrights' 
Company,** to whom was given, for examination and approval, 
all the draughts for building ships for His Majesty's service. 
This eompaay made laws for the governance of the body of 
shipwrights, and had the power to punish those who brolie 
them^ either by fine or imprisonment. 

- But what contributed most, at this time, to the improvement 
of naval science, was the appointment of Mr. Fhineas Pett, a 
man not only of great abihty^ but of learnings first to the situa* 
tidn of naval oonstnietor^ uid finally to that of Comndssioner 
of the' navy. In the year 1610, ihh able naval architeet c<Hb- 
structed a ship to carry sixty-four guns, called Prince Royal,'* 
this ship was considered a master- piece of the art, and is thus 
described in Stowe's Annals: '^This year the king builded a 
most goodly ship for warre, the keel whereof was J 14 feet in 
length, and the cross beam Was 44 feet in length ; she will carry 
64 pieces of ordnance, and is of the burthen of 1400 tons. 
This royal ship is double built, and is most sumptuously adorned 
within and without, with all manner of curious carvings paint* 
ingt and rich gilding; Imng, in all respects, the greatest and 
goodliest ship that ever was builded in England* And this 
glori(3us ship the king gave to his son Henry, Prince of Wales; 
and the 24th September, the King, the Queen, and Prince of 
Wales^ the Duke of York and Lady Elizabeth, with many, great 
Lordesy wentimto Woolwich to see it launched ; but because 
of the narrowness of the dock, it could not then be launched : 
whereupon, the Prince came the next morning by three o'clock, 
and then, at the launching thereof, the Prince named it after his 
own dignity, and called it Uie Prince. The great work-master 
in building this shipi was jMaster Fhineas Pett, gentlemany 
some time Master of Arts at Emanuel CkdkgeQunbri^ If 
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W« wifht credit the representatioil of thU ship, given by a plate 
in Charaock's Marine Architecture, this art would indeed hava 
md% a gwat ml ra|M atride^ witlutt « mjr few yMs« But 
Qotwitlittanding the opinion of i\m abk autlKMr, in fa«w af 

the autiienticltv of the drawing, yet, by comparing it with a well 
authenticated draught of the^' Sovereign of the Seas^'' built also 
by Mr. Phincaji Pett in 1637} tAm^-aavaa yaaia posterior ta 
tlM Plnnaa Royal/' I thtak tliara ia evwy maaa^ 
drawing not to be genuine, for it appears to ma, that il ia a wncb 
nearer approach to the improved state of ship building, in the 
time of Charles If., than "the Sovereign of the Seas** was, 
and must thenfoia hava beea delineatad soasa yaaia after thaC 
ship was oenatmotad. 

When Charles came to tlM eiowD, ha shoased tha saana dia* 
position to improve his marine force, as had marked the conduct 
of those of his predecessors, who had advanced the glory or 
furosperity of £n|^buid | and to imf^ova, as he said, the navy, a 
tan was lavied iqpon tha tiadiiaif aod ^omncinal tawoa, wkiali 
want fea compel tham either to supply a earfealn number of ships^ 
or a stated sum of money, under the denomination of ^ip 
money " wliich caused much discontent, and hnaiiy cos^ him his 
crown and his li£s» 

From the money thus raisad, Chavlaawaa ettabkd to buUd a 
magaiioenS shjp at Woolwioli, oallad tha Soaareign of tha 
seas,'* which was, as has been observed, from the design of 
Phineas Pett. The progress made in naval architecture, during 
Uttie more than a century, will be best appreciated by com- 
panng tha 9odel of tho Great Haity, with tha drawingof thit 
ship now be&ra ua» It will ha saau, that a first rale of tlwot 
dadts^ in tlia^ reign of Hetify VIII., was only 138 feet ia 
length, and 36 feet in breadth ; while, the Sovereign of the 
seas measures 167 feet 9 in^iies in length, and 48 feet 4 inches 
ki hv^th j tha fioimar bainy only of thoslae of a samM madiffo 
fiigata^ and tha latte ■aaiawhftt smaHer Am tha modaio 14 
guiKslupa* 

It will he right to explain, that it is my intention, in all cases, 
to compare ships by length and breadth, as a much battar 
criterion than the boildar's touttage^ the latter harii^ baa» cal* 
oulat«4 upott dUNvinl ps ia a ipt is ol diiemi Hmoai aad m 
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prcMUt^ it ghres btti «i impeffeet hcnlioii of the capai^ity^ of 
powert^ of ft Mp, 

h has been before shown, how deficient the Great Harry 
^^BSy with regard to two at least, of the ekuients of construe^ 
tion, disfvlMieitieift mtd ^umhy. But^ if we «»Mftdly ceMnincr 
ilie dmHtig of the B(mttipk 6f the was^ and salyAlt tha MileA 
0t fhff My thfc rigOi-Otis Wat of those established mathe^ 
matical rules which experience has ])roved to be correct; we 
shall tind, that no better form could have been devised, for a 
stop built (according to %ht pretailiiig ettstom df Hie times) bo 
li%h dtit 0f tH» waiefi Mfd to l^rlbadad dtovHth ornteienta. Il 
iauvblt HmXImed^ that FMneafl Fnt^ tbecotHrlnietor (if tUd Mp$ 
was a graduate of Cambridge, an universitv in which the mathe- 
matics have always been 'fostered, and have formed a favourite 
branch of study. In this ship, then, we see tlie trhnBph of 
science oyer the unaided ta is Mt s of aidMr times, and if we were 
not acquainted with the cause, the progress made in so short a 
period would create our surprise. In the secjuel, 1 shall more 
particularly draw your attention to the advantages which naval 
aa'chiteeture has derived, and may further derive, from the 
i^eneei. But it k to be loaenled, tlMt this need be insisted 
upon in the mneteeftlh eeHtufjr* 

But to return to the examination of the drawing, or rather 
of that part of it which sliows what the ship was above water. 
The midship ports, or those nearest the line of flui^atieit, are & 
Mtlirenitbe wiaer, fhring ker^ a«a ship of w&r, a great sbptf' 
fioriij oi^M^tlmsO built m foruior re%iiB« see that tlie beukP 
head, ccnmneti to the gallies of fcffmer times, M*aa not tlwn dii^ 
continued, for it extends here, 44 feet from the line of support 
from the water. Aad the stern, whieh has au additional poop^ 
usuaU y edM tiie poop-royal, not only oferhunge mueh^ but ia 

feet 6 inebes in be^,'from tbe water line to tile taftalK 

Oofitemporary aothore state^ that mofre tivifi Ofdinary ounf 
was taken, in collecting proper materials for the construction of 
this ship, in which the king himself took great interest, and 
tequently visited Woetwieh Ymd, to see tbe progress made in 
Mldmg het. Tbe det^ add execution of the caitod Work 
#ere tbe best of tbehr tibie^ Tbe ligttee and^ embbndo most 
bavO' been iuapo^g to the eye of the spectator, as they wets' 
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gut, and relieved by a bkek ground. In fact, tbU ship was not 
only celebrated for her magnificence of atructnre^ but ako for 
her good sea-going qualities, notwithatauding her height above 
water, an excess of which, must necessarily be very detrimental 
to a ship's good qualities. When the Royal Sovereign was cut 
down a deck, she waa then the best ship of her time, and was 
employed in the service until the year 1696| wh^ she waa 
humt by accident at Chatham. 

It is to be feared, that your patience is already exhausted. I 
shall therefore now close my discourse, and on a future evening, 
pursue the inquiry, and to render it more interesting, finally 
introduce to your notice the improvement made in naval archi- 
tecture at the preaenttime^ by the genius of Sir Robert Seppings; 
and, which I hope to elucidate to your aatiafiM^tion, by compa- 
rative models. 



Lbctubb2^I concluded the diacouiae^ which I had the 
honour to deliver from this place, with showing the advantages 

which naval architecture had derived from science, and its rapid 
progression when conducted by a scientific man ; and brought 
down my remarks to the end of the itign of Charles I. : I shall 
now resume the subject in the order of time. 

During the Conmionwealth, the naval power of England 
arrived at a height to whicli it had never before attaiiied. As 
the Dutch were then the most powerful enemies at sea, and the 
British ships, from sixe> fully equal to compete with those of 
Holland, so^ no increM took place in their dimensions. But 
in the nine years that Cromwell conducted the aflasrs of this 
country, the navy, in numbers and force, was doubled. In 1649, 
a frigate called the Constant VV arwiek, was buiit by Mr Peter 
Pett, as a privateer for the Earl of Warwick, this was the &rst 
ship of that description constructed in fibgland, and was, 
shortly after being launched, purchased by the state. But it is 
only justice to remark, that the' merit of invention is not due to 
Mr. Peter Pett, for such ships had beenypreviously built by the 
iuhabitants of Dunkirk. The Constant Warwick carried 42 
guns of difiecent calibres, namelyi 20 demi cnfaFerina which 
canied shoto weighing 9i pounds each^ 18 sakers^ and 4 light 
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ukm, wrying thoto of 5| povndb (Miieh ; nolwltliitaadiiig; Hik, 
tlie ship in question was not of larger dmieiwions than the pre* 

sent sloops of war of 14 guns, her keel being only S5 feet in 
lengthy and her breadth 26 feet. This ship remained in the 
service until tho year 1691, when she was captnred by the 
French. IVigates^ at this tim^ howerar^ weie disBimilar in 
ftmn and arrang e ment to those which bear- tlwt name at 
present ; they carried guns on two decks, some had four or more 
heavy guns on each sidc^ placed on a^ lower deck near to the 
water^ to be used when the weather would permit, with a regular 
range of lighter guns on a deck above. While others had two * 
vegolar tiers of gons. I must repeat that frigates nearly similar 
to those at present in use^ were proposed^ many years anterior, 
by Sir Robert Dudley. 

. At the restoration, Charles IL found the navy numerous and 
in i^ood condition, but beii^ negligent of every thing which 
did not contribute to his pleasures, he expended but little 

>money on ships, and consequently the fleet went into decay. 
Charles noraiiiated his brother James, then Duke of York, 
ijord High Admiral; this Prince with the advice of Mr. Secre- 
tary Pepys, first constituted the Navy Board a board of common 
council, and directed that records should be kept of their pro* 
ceedings, so that each officer might know the transactions of 
the others j he issued a book of iubtructions for their guidance, 
and also for that of the officers of the dock-yards^ and so 
perfect were these instructions, that they have served as the 
foundation fot most subsequent regulationB. During this reign» 
the first ship to carry 74 guns (the Royal Oak) was built (in 
1674) ; this ship, however, was much smaller than some of our 
modern frigates of 48 guns, being only 157 feet 6 inches in 
length on the guudeck, and 4 1 feet 4 inches in breadth. She 
. carried, notwithstanding, 28 denni cannons, a gun equal at least 
•to our modern 32 pounders, 28 whole cubrerins equal to 18 
pouiulers, 16 light sakers equal to 5^ pounders and 2 three 
pounders. The frigates were increased in size, and, consequently, 
in. capacity, as those previously built had their ports, when 
«eqtupped for. sea, only three feet from the water, those that 
were constructed at this period carried theirs four foet six 
iuciies. In the year 1670, metelUc iheathing was first iotio- 
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lipUoms of twenty ships were covered therewith ; it was soott 
found, tU«4t weeds iidhered to the lead, and that the roth^r irous 
were in a short period of time destroyed hy oxidation. 

€kmAm UoMttf piwdiMtad |h» aflurs af Ihft nia^ f ron the 
yttm li7aia 1671^ ami Hie nntral4eatateaf Uitthlfitol 
Hn«, at the latter period, when his brother James returned tp 
the post of Lord High Adaiirai, given in Pejjys* " Memoirs 
of the Royal Navy pubiialMtd ill IUBO, That the fleet was 
m bad aandHlon thiia aaa ba no fkNibt^ but tJ^ra is good 
maaM la Wliaiy tliaft thi dfifipaU af the ahi|Mi waia magnifiad 
by Pepys, in order to abow how nucb tbt navy had aiArad, 
during the absence of James, and to raise the character of hit» 
patron fur activity and good matiagemenl ua his return to office. 
I amrt this fraoi lha fiKt af tbe ahait peiiqd af tuna kt i^itab 
IkHty 4npa e# tba Bna wfia npiiied and rendmd ■aa«wrtfc]r, 
'WWeb aooid nolhava been donay wttb magaatiwtol tlarM aaki 
to be exhausted, if their defects had been as extensive as Pepys 
wiibcd ta establish, for it would appear by his account, that 
tbaf were in asinking state at their Hiaoiia§e» 

^liaDtttahaaaltiiaii^ttoba AamoetpawerAilof «ivo|ipa« 
nenis al sea, il was eonsSdeved wsoessary to \wm a naval arsenal, 
as near to their shores a;? circuinstaiices wmild admit j a dock- 
yard was consequently commenced at Sheerness. 

Tbe advantages which naval arebitecture derived dur^ tbe 
feign ei €beiles I., bjF tbt appolntaoant al a leimed and 
ecientMc man, Mr. Fbbiees Bstt, to constraet dtaii^ts ht skips 

of war, and the progress which, in consequence, it had made 
during a very limited period, appears to have been lost sight of 
by his son, for we learn from the accurate Eveiyn, tbal sana of 
tbose wbo. practised tbis art daring bis time, were among die 
most ^oraat of mankind. In bis memobe we ibd this re^ 
markable passage:—^ 166H — 3 March was launched at Dept- 
ford, that c:oodly vessel! the Charles. I was neere his Majost]^ 
she is longer than ye Soveraine, and carries llObMVtse WIOR; 
she was built by old Sbish, a plaine, honest aavpeBter, wiiter 
builder of this dock, but one wbo can give very IMe aecauat of 
his art by diseourse, and k hardly capable of reading, yet of 
greate abilitie m his calling/* 
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On the aoeetsion of Jam^ 11. to the crown, he continued to 
boid the olRoe e( Lord Higti Admiral, and to pay great attenftMRi 
tvitavilflffiiratiilte^i^ wMchbtdliAfniato dvMf,^* 

2ine8 replenished with stores. While Bngland was increasing* 
her marine, France was not inattentive to the same object: Loois^ 
Xi V.) having a great dciire to possess a nwy of h»g% ani tS^ 
dent ahips^ consiilted mii If smiitlfic aHatttMOQi^ atf to tlifr 
Iteflt mode ef cemeraeting Ihek txidiei^ and alM navigating 
them ; amd entiouraged the best mathematicians of that time^ 
to promote naval science by their writinc;^. Anions: those who 
added to the stock of knowledge at tliis time, may be mentioned 
CHe ecMMed Ptfie Uk Hm». Tkif iMll wi ttitse idqiiiflM 
Mni fi» ioMtm file rise of tfie FmicAi Mpa isf ^ dhissta^ 
tHkteH led'to Mf h f aei a g in tXtfrn of England ^ hot, after a shorr 
time, we, in imitation of the Dutch rather than the Freiic!i, 
relapsed to our former practice. The Comptroller of the Navy, 
at this period, was Sir Rickard Haddock, who, being aware of 
the pidnff whicb other nAtknu wefe ttking to improve their 
marine, atid {eefmg the importance of applying a degree of 
scientific knowledge to the construction of English ships, as a 
preliminary step cansed a table to be made of the solid contents 
<sf the immersed part of the body of a ship <^ each cletfs. Tkia 
was the first table of the kind constnrcted in England, to serar 
as a gnlde to arcMtects fo give 9 snfffoient degree of eapaeit^ 

to tfletf ships : and that this might not be lost sight of for the 
future, Sir Richard promulgated (in March, lt>92,} the method 
Ify which this table had been formed. 
' At clke abdicatton of James if., m 16§7» the navy m% in 
pohit of nnmbers, on a very re^eetaMe footing. tVffikmi and 
Mary, however, increased its numerical force, and established' 
on our western coast a dock-yard^ that at Plymouth, now become 
one of the most important in the kingdom. The ships of this 
period were of snudl dimensions, overioaded with guns, and, in 
consequence, so nnstaiile or enmk as to be dangerous ; and It 
was considered expedient to add to the stability of those of the 
Kncj, by what was called e^irdlin(> them ; which was done by 
listening strakes of plank, six or more inches in thickness, on 
each side^ at a Uttle aboye, and Ibr lome dlstanee bdow^ the 
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lim^triMnmi. This, in pciX; of afhUity, mm ayi f i i gBttto 

giving them so much more breadth ; and it increased their, 
strength at a part where it is the most required. It may inci- 
«UftU4iy be iMAwkml) that, in th» yciur 1700, tkm Alanqnis of. 
GaraMuttiMQ gm » miple mod rety umM improvemeni (to the. 
Mvy^^-UiAl of ruling paiik to tlM ea|M|(mB : ^«te piwmtad. 
the many accidents to which the seamen had been previously 
subjected in weighing the anchors of ships. 

At the demise of King WiUiani, the. navy. was in a very 
leepeclaMe •tela, both •« it n^ded the number, of thipt end, 
their eondition; but Queen Anne, his aucoeieor, diieeted her. 
whole attention to die amy : for, while the French were nn- 
provine; their ships, by givmg encouragement to the study of 
the theory of naval architecture^ and also increasing theii: 
numheny the fleet of England was totally neglected. But as 
the navy has generally been a toourite aervice in ikm eoiintr)v 
the apaUiy of the govemment with renpect to it oavied great 
royrinurs among the people. > 

The coiivcniences which result, particularly ii]:)oii foreign 
stations, from having the niasta^ yards, riggiugi and sails of 
abipe of the aame claae aiike^ are too obvioue to he ioMate^ 
upon : hence the dimemiona of ahipi| their maetiy yardi^ 
giug, and the number and calibre of their guna, have been eit»- 
blished at different periods. The first of these establishments 
on record is of the year 1677> which was conhned to sliipe of 
t)ie line of 100, DO, and 70 guns* In 1691, dimennona were 
given for the 80 and 60-gMn shipe, Tbeae eatabUthmenta 
remained in force until 1706, when a regular daiaifieatton 
took place for ships of all rates. A notion of the progressive 
increase in the size of sliips may be judged ot by the following 
comparison i- — ship of 90 guns was, by the eataUiahnient of 
1677^ to be 158 feet in length, and 44 feet in breadth; by tJiat 
of 1706, it was to be 162 feet long, and 47 feet bnopd. Still 
the dimensiona of the latter, were very inadequate to the guns 
wliicli bhe was to carry. Notwitlistauding all the couvcjuences 
which arise from these establishments^ it would not be diihcuit 
to show that, they are barriera to imprpvement in iiand,arcl)i« 
tecture, aa they neceiaanly aiaHve the acience to hare atrived 
at the limita of its perfection* 
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• To prove h#w MMt it'k to csoattfiet'a ^ip, wiim 

limits shall be fixed with respect to dimensions, it will only be 
necessary to iu&tance the case of the Royal Katherine^ of three 
decka MMteighly gnm, built during this reign ) whkli ilup mm 
dM^gned by tkm Owmak of the Soeiely^ at * tiM iflwtt 
Newton WM eedvely engag^ m ke affkks, and' pmuing m* 
quiries intimately connected with naval science, — that of find- 
ing the solid of least resistance. Yet this shi}) was found to be 
SO deticient in stabiiityy that it was deemed necessary to girdle 
bee. Our Mp§, ptevimicly t» thia ttney were overbeded villi 
caived work, which, for desi^a atid execution, was Um (tad 
I regret to say the little applied ts now) a disgraee to the taste 
and talents of i^ngland. In 1/06, the bliips were relieved from, 
atkd. the country spared the expense o^ a great deal of this ctti»* 
hrout work. 

When Geoige L ceme to the throne, in 1714, the fleet was 

consideted to be nearly Worn out, and, in the suceeedu^ year, 

this was proved to be the fact at a general survey which then 
topk place. Consetiuently, vigorous measures were taken by 
him- to refMnr emie ships, and build or rebuild others. In 1716, 
a new estabtiihmnt of giHMi wa» ordered by the king in coottcil 
for all classes of ships, frcKu a fiist^rale to a 20-gun ship mdw* 
sivoi by this establishment, some of the first-rates were to carry 
42-pounder guns on their lower decks. The weight of ordnance 
tbns ordered to be placed in the ships, rendered it necessary to 
ineiease their siae aborethe establishment of 1706 ; and there* 
fore, in 171d, another table of ^fimensions received the sanetioii 
of the government. The fo-st-rates of 100 guns renwined as 
they were formerly established; but the second-rates of 80 guns 
were increased thereby two feet in length and one foot in breadth; 
a»d the other classes in proportion. Notwithstanding this^ the 
English ships of War were of less dimensions than those carry^ 
ing the same number and nature of gons built by most - other 
nations. Sucli was the state of naval architecture during the 
reign of George 1. jHis son, George II., was as zealous as his 
fother had been in providhig a numerous and effieiept Beet ; and 
at the eommencement of his reign a survey was taken of tfatf 
magazines of naval stores. In' order to ascertain their condBtien 
and value i and, from thebc, several ships were oideied to be 
built. 
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^fished for them in the yeiir 1716, wat Mnplained of | hi 

eoiisequence, this matter was again taken into eousideration in 
1733, and a new table of dimensions formed, which, atthcwgh 

cMonl, wM IbllovMi In the ihipe MIt iilte ttjr 
iahfte HI cjuesteem^ tho HN^virtM fMNflfaMB'dl ^of tiMi^ MHRi^dRHMNl* 

sions heretofore J the length of the other classes were the 
same, but they received a considerable mcrease in breadth* 
Akiicwigh the irai-ntes were net ei^aryedy tMr ttabtlky wm 
M^giOMilRly Mid Mhv mh H^jlMg pio|Mrli0i infWMfvdti h^ s illi* 
MMliMNDiee, ^kdv^ijr flftcf pcnod, ^ mi apMtMent n^AB^ 
above the poop, at present placed abaft in ships of the iinei 
and which was then called the poop-royal. 

In 1741, another table was formed for the di Mena ioMi ^ 
dUpe^ whM gmve to dMn a» iiMVMM both in }mgBk and 
hmdlh t tfcb wae in foree untH 1745, when, #om conipl it Bli 
ef want of size to carry the guns established in 1743, and also 
<tf the insufficiency in the scanthngs of the timbers of English 
•hlp% con^pM«d with those of foreign nation^ the go n ewa —l 
MidinMllhM some of th* fla^^oAeen of Ihe #0b€, tho fltamyot 
of the Navy, and the ecraral Mw u i our shipwrig ht of ihe doek^ 
yards, should con-^idt together, construct draughts, and form 
tables of the principal dimensions, scantlings, and masts and 
yard% Ibr aahip of eaeh class, wlMoh shonki be followed for tht 
Mho. The tabloa seformtd wm oidOKdtobecaniadlm 
cffiBt in 1745, and foptaMrtcly fMre tfio hut whiali wert oaAmed 
for the purpose of limiting that which must necessarily change, 
according to the circumstances of the times, the practice of 
other countries, and the progress of knowledge. The ships 
hiilll by Uieso dfanghta and seantfiags had, whan aonparad 
wHh those formerly eonstracted, a eonsideraMo degree of slK* 
h W ft t y t they carried their ports high, and were fomid to be 
strong and usefol vessels ; bnt it was soon discovered that they 
were wanting in the property of velocity : this was imputed to 
their heing taa foil in their hows and sternii To veaiedy lids^ 
it was osdofod, in the ]nsar I75t, that the dIraoghM siloiM he 
atoeesd hi the fore and after hedlcs, and the dimensions in^ 
creased, to retain suthcient displacement. In this rtign it was 
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hB ^Wtf a« they were too small to compete with the three* 
da^ked ships of other aationa. The Newark, launched in \747$ 
was i|uat of this cks»| the Mne Maiaii (ia 17ii6)i 

the ftbips of 60 aad 50 guns wm no kHigf r comdMil m ht-i 

Al tbe demise of Goor^e II., it was found that the navy had 
doublt^d, during his reign, in its rcnl force. ' 

At the MGOision of Geoiga iil^ the eatablithmenta- of I74d 
Wfff tlwidanod akog^ther^ and a eowider abla iacmaa took 
plane in the diiMMODB of all ckBses of 9\afB* A firsl««ate, by 
the estahlishmeiit aforementioned, was to measure 178 feet in 
length and 51 feet in breadth ; the Victory, launched in 1765, 
«iea»iired 1S6 feet in length and 5^ feet in breadth : and, al-> 
theii|^ emU co»peied with ahi|^ of the aeme ehm of the 
. jpfeieftl dey^ ehe kaa bieen coa&ideved, from that period to thia 
time, aaon exttdltiifr 

The naval warfare which was constantly cairvini^ on dut iui^ 
the early part of this reign, induced a more than ordinarv 
etIiiitiQM to the ieel ; md to thk cireimwtOMo may be ottit • 
bO e d lh» wDpro»tci tiae and ftmi of the aUpa whtdi compobed 
the navy at the close of the American war. 
• 111 17f^3, it was determined to copper sheath all ships : when 
{Lnimpoctant change took place, that ot «ub«t4tuting copper bolts 
aa iMtetuags for the botton, and copper eoaneettng Wngea im 
fho lothe^ caUtd ptntiea aad faeaces) taatoad of iroa, hilbefto 
aaad for these purposee^ Copper alieaMii|^ for ships' boktoma 
had been partially introduced in the vear 17.>9, and more gene* 
rally practised in the ^succtediiig years ; and notwithstanding 
aU the precautions which were taken to protect the iron bolto 
and lother irona^ tkaybecaaM vary soen oxidated, and it ia to 
Imr apprehended that sone shtpe foundered therefreoi. The 
oxidation of the iron was attributed, at this time, to its being 
"a less pure metal than copper;" for it remained for the mas- 
tei miad of a J>avy to discover the physical law, that wbea 
tw» diamntiar aa^bib are in eonlact, aad alaawilii aea^wator, a 
voilaia efi^t is praduecd, which oceeiioiie a rapid eORoeion of 
the more oxidable metal,** while the other remains perfect. I 
have great aausfaction in haying the opportunity of menjioniog 
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tiie emmmtaaoe f n m place where tiifo btiHitiii dbeotery ww 

made, which was alike honourable to the talents of our eminent 
philosopher, as it is creditable to the inenihors of this Institu- 
tioHy Who afforded the means of his experimenting, by their ex* 
eellent and eximive apparatus. 

At the return of the fleet into ordinaiy, at the sereral porta, 
in 1783, a general wartey took place, to aaeertidn the state of 
the several ships : those which were old, and horn other causes 
considered unserviceable, were either sold or taken to pieces^ 
and those in a state to be repaired were put into good con- 
dition for future service. The wishes of His late Majesty; 
to haire at this time a numerous and well-conditioiied fleet/ 
were ably carried into effect by the talents and exertions 
of Sir Charles Aliddleton (afterwards Lord Barham), the then 
Comptroller of the Navy, and Mr. Henslow (afterwards Sir 
John Henslow), the Surveyor. To the poUtic views of George 
II L, to the liberality of the Parliament in voting money, and 
to the exertions of those civil officers whom I have named, we 
owe the numerous and well- conditioned fleet, which enabled 
our naval heroes to combat and prevail over the gigantic force 
which France possessed at the early period of the Revofaitionary 
war. 

The importance of giving the ships a greater proportionate 
len^h to breadth, in order to improve their sailinj^^ qualities, 
became the subject of inquiry. In consequence, the Prince, of 
98 gttn*i, was cut asunder in the middle, the ends drawn apar^ 
and an additional length (eleven feet) given, to her midship ca- 
pecity. The Hibernia, of 120 guns, and Ocean, of 110 gun^, 
then ordered to be Lull t, were also lengthened eleven feet. Yet 
these ships, when so altered, were very inferior in dimensions 
and capacity to the Commerce de Marseilles, of 120 guns, 
which was brought from Toulon^ as a prize, about this period. 

In 1793, it was considered necessary to appoint an additional 
Surveyor of the Navy ; and the choice ol the government fell 
upon Mr. Rule (afterwards Sir William Rule), who — and I 
speak from long personal knowledge— < possessed a strong mind, 
a clear perception, and was second to no man in England in a 
knowledge of his profession, in zeal for the public service, -m 
industry, and in mental and bodily activity. To him was en- 



Digiti^uG by Google 



trotted the c(Mtttractk>n of the draught of % first-rtte ship of 
. war of 120 guns, which should rival those of the French and 
Spaniards ; and he accordingly produced that of the Caledonia, 

a ship 205 feet in length on the lower guii-deck, and 53 feet 8 
inclies in breadth, which has proved one of the most serviceable 
Mod efficient ships of her class in the known worlds and still 
aenrcs as a model for our first^rates. Like most men of genius. 
Sir li^lliam departed from the old heaten track, and formed 
a hody having sufficient displacement for a first-rate, but ap- 
proximating in form to that of a large frigate. This ship, con- 
trary to the opinions which some persons formed, and indeed 
expressed at the time, answered so well, that she was the admi* 
rafion of all English as well as foreign seaman, who witnessed 
her sailing and sea-going properties. But we owe not only the 
Caledonia, but the BuKvark and Repulse, of 74 guns, and many 
other excellent ships in the several classes, to the. talents and 
knowledge of Sir William Rule. 

. Before this period, while individuals made use of steam 
engines and other powerful machines in their manufactories, 

our royal dock-yards depended almost, if not altogether, upon 
men and hoYses for pumping the docks, raising of weights, and 
other arduous labour* But this was to be an era in naval aci-^ 
ence. A nobleman was appointed by the king to oonduct the 
Baval administration of this country, who was initiated in scIout 
tific pursuits, and appreciated their influence in the useful arts. 
In consequence, the talents of Bentham, Brunei, Barrallier, and 
others of lesser note, were brought into action; our dock-yards 
were improved, the most powerful and most useful machines 
introduced, and some ships constructed upon scientific princi- 
ples. Tiie employment of these gentlemen for the juiblic ser- 
v]ce had not only a direct, but an indirect, influence towards 
improvement of ail kinds, as it caused others to think upon 
subjects which never before entered into their contemplation | 
and thus the minds of many of our officers were expanded. To 
whom, then, do we owe these and other advantages, which our 
navy and dock-yards have derived ? — ^To a nobleman, to praise 
whom before the members of this Institution would be arro- 
gance; as he is above all praise of mine, and as they are so wtU 
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Rcquninted with the splendid talents and private worth of their 
late President^ Earl 8pencer. 

Our ooil<|«isto at sea, during the late wars, put iis in posses* 
soM fft m>me t»«etleiil fofeign MpAf far white the waente df 
flayal «r«hltcetiir« Wa» mf^le«Md dtfriiif 100 yeM iti this eoiltl^ 

try, the French, the Spaniards, tlie Danes, and the Swedes, 
ried it to a considerable height ; and it is only justice to say, 
that many of our improvements in the construction of ships* 
fa^^ies are dtie ID the mathematical kUbwledge and talent* ^ 
thnA nMtena i m a pwof^ all our seeondnratesi and All the 
frigates of 46 gam now being built, are constructed, as f itf as 
form is concerned, after French models; and, notwitlistandin^ 
the superiority mamtaiiied by us at sea, we have followed the 

fraetlecs Df Diher nathmsy itid hot teken the lead^ which we 
eamiiity to have done ih Hilft sdenee. Bttfc aot ao With < 
the praetfea] eoMtrtlction of ships ; for in this we have t!tt 

merit of excelling all other coiintric*?. By substantiiil work* 
manship, our ships were enabled, during the late wars, to keep 
at mtk the whole e€ the year, even in the toost boisterous and 
tMlement aeasoiiii and, if I niay he alhiwed the .term^ to her- 
Mitiically seal the porta of ottr enemies. 

The consideration, however, of the workmanship on ships 
leads us naturally to the new system of carpentry, invented and 
t«trodaeed by Bir Rohert Seppingis in the year 1810, and first 
in praetlee in His Mijesty^s ship Tcemenddba. 

In order to ettfeidate the ehange of s)rsleAt in 4iip*h(n1dln^, 

and point out the advantages of the new over the old method, 
it will be necessary to explain the state in which it was before 
Bar Robert introduced hie principle, which has not been inaptljr 
termed ^ the diagonal syntem of ship-hnilding/' 
The keel, which is the lowest timber, oi^ ait tosMnMage Df 

tlMihers in a ship, runs in a longitudinal direction from head to 
stem. On the fore end of the keel are placed the stem, with 
the inner stem, and the knight heads; on the after end of the 
heel^ the ttem^post is secured : this post is that att which ttt^ 
rMrtr hMgs, and, for its grater strength ahd seedrity, a piece 
of thnher f» brought on h!s fbre side, called the inner post ; 
erossing these, are larger pieces of timber lying horizontally^. 
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calltcl trantom ; and on each side were placed, nearly mti»> 
caih, the fashion piecps, wliich make the stern-frame com- 
plete. On the keeiy io tlie fore and aft parts of the ship, pieces 
of wood wm plMd tad fiaateiwd, caUcd dMd ivim>4s thtaa m 
nm or kn, in iimmmmM and niuttber, aa tha Mkaof ihm 
MfB are attora or leat acute at those places* Croesing the 
keel and the dead wood, larc^e pieces of timber are let on and 
fattened : these are called floors. To tham are attached the 
llDmes or ribiy wineb aie an atseinbhigf of tiBber% iwiaiag 
tmo benda, cott^ioaed of firttocka' and tay^tiaibaw, wUdt wwm 
milad atthair lieada and beak n^th angalar chocks. Betweea 
each pair of frames other timbers were placed, corresponding 
to the framep-timbersy but as they were not united into frames 
beads, thay nwa danoiihialad fiUiiif <»tiiabara | tba intaialices 
Uit botwtaa Hbm totm vara thaii filM kffa }iiaoia of 
timber, eorreftpondtn^ to tbem in some degree, callad ema 
chocks ; the frames and fillings were then filled in, or made 
solid, as high as the iloor-heads only. The vertical frames 
being placed, and aocammodated to tba int a nda d fbmi of Iha 
riup^ and tbe flooia sacmd by tbo iatamal koal, or^ aa it ii 
oalled^kaalsoiiy tba planking, laid boriaontaHy, is than brought 
on outside, the beams of the several decks put in their respective 
places, the inside planking worked, and the beams secured to 
it and to the frame by wooden, hanging, and lod§iag kaaasw 
In tbis atagaoltba deaaiipliaii, i wisb to diiaet yonr attention 
particularly to the inside boriaontal planking in tba bold, aattid 
footwayling, and to the bends of masiiive timbers, called riders, 
put over it ; as the omission of these, and the substitution of 
aoeabcr arranorement of timbers, form a principal feature in the 
nawaaode of ahip baiMing-; ll will be paraaitad bf tba madak 
nov b a l a rc nt^ and by the dcscriplioa uliieb I bate given, that 
the materials were, in the old method of ship-buildings laid at 
right angles to each other ; indeed, all of them were so placed, 
vkh the exception of the breadth and top riders put to 
MagtbenUiair top-ssdaa, wbiab wme ^ in a dia^oaal diffN^ 
tioa ; aad by tbe tntarvcntian of tbe intamat and aslamal 
planking, no air eoold circulate through the interstiaes between 
the frames, but, on tlie contrary, was kept there in a stagnant 

«tate,to^ tbe graatrit^iy ol tlia tHnbera. Aad the sides weie also 
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•eBeinnbeted, and tbe figlitiiig mid tnioing of the gims impeded^ 
hf the wooden kneei^ and breadth, and top ndenu 

The imperfections of tide method 6t constroetSon were sbMn 

immediately after the ships were launched, and to a great and 
often alarnaing degree wiien they had been some years in ser- 
me: firat, by prehing or hogging,— that is, by the fore and 
.after bodiea jlropping, and the middle riiiog in a longitudinal 
direction, or, in other words, by the ship aisuming a curved, 
instead of presfervnig; a straight, line ; secondly, by that of sag- 
ging,— an alteration iu figure, generally brouo;ht a])out by the 
foroe idiich the main-mast discharged upon a point, having 
there a tendency to praa the fkMura outward $ and the tlurd, by 
the separation of the parto composing a ship, by the tendency 
which the beams liave to pull in the one side and force out the 
other, when she lies over* under a press of sail, or from the 
motions of rolling. 

To remedy these evib, it .was .not only necessary to make 
another disposition and distrihotidn of most of the materials, 
but also to bring about a better combination of the parts, so 
that their streiigth sliouid not be partially applied, but generally 
diffused, to meet those shocks to which ships are subjected in 
an agitated'sea, or if they should be accidentally driven ashore; 
or to give what is so desirable' in architectural works, a maxi- 
mum of strength with a* minimum of materials* 

Let us uovv see by what means, and how far. Sir Robert 
Seppings has effected these objects. 

The first improveinent which strikes our attention is, that, 
instaad of the cumbrous pieces of wood formerly used for the 
floors (which were often diflficult to ptocure, even for one ship, 
in an extensive forest,) tliey are now fui nied of three pieces of 
timber, of much smaller dimensions. Two of these, called half 
floOfSy abut on the keel, and their ends are united by a circular 
fBoak, as are the ends of all the frame timbers in this mode of 
ship-building. The joints of these two pieces, so unitedj» ara 
strengthened by a third piece, called a cross piece ; which 
unites them firmly, if not immoveably, by its being coakcd and 
bolted to their sides. The angle chocks, formerly placed at the 
heads and h^els of the timbers (which, for nearly a centttry, 
wei<e peculiar to the £ng\ish ship-bnilder) are now disoontinued| 



Digiti^uG by 



V Nmal JrchUecture m this QmUr^ 14$ 

and each timber has a flat abutment. And in order to reduce 
the curvature of the several pieces, they are of a less length, 
and, eonse^eotlyy the frame bends are procured with less diffi- 
culty^ hm§ ocNopoMd cf a gc^ater number of piecee. All the 
timbm are regularly formed aiid fastened into benda^ in- 
atead of being alternately frames and fillings, as before men- 
tioned. The transoms and fashion-pieces are discontinued in 
the stern, and this part of the ship is timbered in a similar 
Bumncr to the boM% and^ whea finished, is termed the circular 
stem. When the frame is completed, it 19 filled in, or made 
solid to within four inches of the position of the underside of 
the plank placed next the orlop clamps. Two additional keeU 
sons are worked inside, parallel with the keelson : these extend 
about 35 feet in midships, in ships of the line $ upon these the 
step of the main-mast rests. 

We now come to an imporfeBUt novelty in this mode of con- 
struction : 1 iiieau the diagonal framing in the hold, usually 
called the trussed frame. This framing is composed of riders, 
longitudinal pieces, and trusses. Tlie ridel's are timbers which 
lie dta^coally on' the inside of the frames, with their upper ex- 
tremities under the gun-deck shelf, and extending from thence 
to within six inches of the limber strake ; they commence at 
the shelf- piece amidships, and He at opposite inclinations in 
the fore and after bodies, of 45 ° below a horizoiUal line, and 
lire united to the timbers of the ship's frame by coaks and 
bolti« The lonic^tadinal pieces are then pUced between them, 
and are put over the joints of the timbers : thus they perform 
the double othce of strengthening the frame-bcuds at their 
weakest parts, and preventing the riders from moving. The 
nders and longitudinal pieces so placed, it will be perceived, 
form rhomboids; the trusses are (hen fastened in a duigonai 
direction,' within those rhomboids, and thus form a series of 
Ifiangles. Instead of longitudinal strakes, diagonal pieces are 
put between the ports : thes^ are placed iu the same direction 
as the trusses in the hold. 

The next point for attc^taon is, the connexion of the beams 
to the sides of the ships^ The beam-ends rest upon clamps and 
hhelf-pieces, and they are coaked to the latter. These shelf- 
jp^eces ox mterual hoops do the oifice, but more effectually, of 

L 
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them^ St these placv^ wbtfr^ the beituM tm^ ^mmIui m |4aced^ 
not only to give thitti support, but ilM to aMow «f apt kwMiM 

being bolted upon the face of these chocks; two ann% from 
this knee, clasp the sides of the beams. I'hese are in lien of the 
hail|;hig kiiees iff W0Od< h i« but juttkt to^ remark, that the greali^ 
A<ivafitftge0 #h!eh imtnl atchile^r^ bai ^itmU ihlin tha iM 
tff^tietidh of 8he1f«piee6«) d<i€f td tihe Ift^miitjr of ihelrlnolii 
■ For the better security of tlie beams, thick watetlvaya M 
l^laeed upon them : these are also coaked and bolted thwiugh 
the sides of the ship^v and on the decks, next the watetway% 
a thkk stmke is let into the beamsy ealM a t^^^Mittt 
sCri^e.^ Between each beam a hatf-beasi is ItitfoiliiMd^ wWh 
ib a substitute for carlines and ledges formerty placed tlie»e ) 
the flooring, or flat of the deck, is laid diagonally upon thettiir' 

It IS obvious to every one who examines the model, that 
those adnirable securities, the Mieif-tNcees, bsAag c4it^ at-OMT 
stt^, tender this part very Wetlk in confia^ilon tsr die toilF 
sides of the ships. To remedy this, Sir Rel)ert Se{>pings iliHIM 
duced the circular stern, which, as I have before shown, i4 
timbered in a similar manner to the bow; the shelves now ruif 
ifound, and a6t as Internal hoops* This Mem also alfords etfj^ 
Aor ineans of 6fifence and defence. ^ - : f>iir 

Such are the principal ffratui^ of this nc*^ ttidde df ilMj^ 
building, which, notwithstanding the prejudices ^hich act 
against the introduction of any ianovation, is now adopted by 
nibtt, if not all, European natiOtts^ ji , ^laiiut 

It has b«eitf femarked, that llHpsffections iii tlii^ stMHilifrc^ df 
ships allow €tth body td ai^h, t6 sag, and to sef>arlrfe sid« 4f(rtA 
side. Let us see, then, how far Sir Robert Seppings' method 
of ship-building goes to remedy these defects, " • ■ j i^ti^/l 
' To pfeyent the arching or bending of the ship in the dilMMf 
of its length :--«*Fir8ii^ the iUlhig in of the ittim alone itttmM 
in a ^reat degree, the resistan^^e ttl 'eompMsliilf secondli^, IM 

diagonal framing, placed to oppose this action, is a combinatioilr 
of two systems of resistance, either of which is, in principle, 
perfect: the one consists of the series of timbers called riderii 
lying at an angle of 45*? from ft t^rtieal .Une/ whieh lilajr bc^ 
sop]i6sed to ^hraiigh fkt itauMl tds^of Hk^ «]% »U 
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hdtisontal iine nt the keelson; arid not only Ibrnnta a ieiies ef 
ties to prevent extension, but, by crossing all the hoffMhlti 
ite9«^<»rth« dutside planking and the vcfrtieal tanges of flie 

timbers of the frame, forms, in conjufletkjft with them, a series 
of triangles to resist any alteration of form in the structure. 
'Iht other sTsteifi rdnifilts of ^ dei^es of thnbers^ which ^hb 

afi^ritlright angles to the former: this system is tdmpmttk^ 
^t^fknge of trusses or .^tnTt««, which act by their resi«tanee to 
compression, and may therefore be in short lengths ; and, as 
they are placed between the different members of the former 
^|IUB In tmrnmnm^ <a the two, no^dteration eah fsM< 
jMK^Hroff 'AAM^ ifh^ahip, ^vhlcA wiR Hiit fue oppoted, 60*01' 
% the resistance to extension of the fibres of the mataniM^ 
which compose the one, and by the resistance to compression 
of those composing the otlier. In addition, there is a third 
^MftMFulMlHi^i/ Which He hotiaiuiitail]^} and itre the dtajgonatiN 
t^'^tt^ paf^ffi^Dil^NtMfc ft^ii/Md by ^htf liitei see tion of Hhe fn^f^ 
f|fclBrt^tif ^^Si^s fHHf^frtftt. 'This se^i^s of thnhersi^ eon(|nnc- 
tmn ^vlth tlie former two, enmplete« a third system of resist- 
ance, hy fbrmiog a combination of that unalterable figure the 
tfittt|;le«- ' 

It ixkHy poMUy appear to sonfie, ftoni thfe explahaHoii/ fhdf 
^he^ls-tt f^etetef e^mhlfiMioilf id the diagonal systevnf thad if 

necessary ; but it must be remembered, that although the two ■ 
systems which cormpose the whole are each perfect in principle, 
7<et fttieh aillowance must always be mKde^ hi ptaetical appKea^' 
tions^for unavoididbltf hhperfectiona iii mftteriidB dnd Workmte^ 
Mpi Mdftiv ofr this aeeomntf that M be^eriM neeeisdry^ in 

order to draw tlie greatest possible advantage from t^e use of 
cither of these systems, to perfect its several parts as much as 
possible, by combining each with the other. Thus the ties^ 
idnle th^ lAake the eonnexlon between the sevend parte of 
the fkhrit mote complete, not only Inereitfe tad ihcKre ^qtndlf 
Wuse the strength which is derived from the ahttttlMfS of th4 
trtwse*, btrt they also make thftfse abutments more perfect. And 
agam, the struts, by taking away a great portion of the strain, 
^di tvotfld, whhomt their intemntion, be brought upon thO' 
fMMimgs df Arties, pei^t the M>m i0 detifi tiie 

h2 
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14& OiitbeMis^ Pr(iffrm,aadfreieiUStaU 

of the advautage resulting from the uou-exteusioa of those 
timbers. 

Siioh are the advantages of the diagonal trune^ ftane, ia 
ptmntiiig an alteration of form_in a longitudinal di wet ioiL In 

addition^ the shelf-pieces and thick waterways worked at each 
tleckj and the abutnient and truss-pieces placed between the 
ports^ offer also conMderable resistance to the extension of the 
body of the ahip. 

Sagging is prevented by the two additional keehona imbed 
In the middle of the ship, upon which the onter ends of the, 
step for the main-mast rest. These keelsons distribute, over 
a tsj^ce of about 35 feet in len^'th, the immense weight and 
strain of the matn-mast, with all its appendages ; which^ but. 
for thetc^ would be discharged i^kmi one point. And as the 
floors whene the keelsons are placed lie in nearly a horiiontal, 
position, by their uniting these floors and giving uniform strength, 
at thib part, they prevent any movement in the fabric of the 
ship, frpn the upward pressure which the water exerts. 

The sppavation of one side of the ship * firom the other, is 
prevented by the unioq of all the beams by shelf-pieces, thick 
waterways, and side-binding strakes, and the connexion again 
of these with tbe sides of the sliips ; so tliat any strani or force 
exerted upon a part is resisted by the strength of the whole 
body* The beams are fiirther tied down by their being united 
to the. chocks with iron dasp knees. 

Having stated the advantages of this method, in givkig 
strength to isliips, let us now examine how far it tends to 
their durability^ and to the comfort of their crews. 

In the hrst place, strength or inuxiobility tenda^ in itself, to 
give durability for if the materials bisgin to move u|Mm the, 
fiisteningSy, the ships leak, decay of the wood commences,,and. 
a general disunion of the parts fullow 

It has been observed in all times, that both when wood is 
excluded from the air, and when there is a firee circulation of 
air^^ it sliows litUe tendency to decomposition* In the modo: 
of ahip^buildiog now under consideration, advantages, are^ 
tsken of these facts ; for we find that where air will not freely 
circulate, at the bottom, there the ships are made solid with, 
ufoodi aud c^o^: but> " to make assuraiM;e double aiu}^" 
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when the ships are completed^ a nuxture formed of tar and car^ 
bonate of lime is forced into the frame, by a pump of •ufficient 
pomrto fin all interttiees left by tihe imperfcotkm df woiki* 
mantlripy and, being an insolnble substance, preserves the lim* 

ber from the action of water upon its surface. Ag:ain, above 
water, where a circulation of pure air can be easily eifected^ wa 
find that this is brought about by the spaces between the tim- 
bers of the frame and their eommimication witii the opening^ 
just abov^ the rangfe of the shelf-pSeees, ivhieh allow tlie air to 
circulate freely from deck to deck, thus preserving the timbers 
of the shijis and the health of their crews. The advantages of 
this arrangement are only to be fuUy appreciated by those who 
have experienced the ineonvenienees which formerly arose to 
the people, when Che hammodLS were down and the port-lids 
barred in, and the comparative comfort produced by the pre- 
sent system. 

The friendship which has long subsisted between Sir Robert 
Seppings and myself, and the high esteem in which he is held 
hy all who know him, make me hesitate in giving an opimon oil 
-the advantages which this country hss derived from his talents. 

Allow me, then, on this point, to address you in the words of 
the C ommittee of the House of Commons on Finance, in th^ 
year 1 819, and to which 1 fully subscribe 

^ Yonr Committee deem it their pardcnhtf duty to notiee 
*Mr. Seppings, one of the Surveyors of the Navy, to whose 
abilities and exertions this country is mainly indebted for many 
of its most valuable improvements in naval architecture ; the 
iugenious models of which have been submitted to the inspec- 
tion of your Committee^ with all the necessary explanatlous of 
Iheir several nses and application. Your Committee do not 
pre1;end to deBcribe or appreciate, with accuracy, the value of 
these improvemencs ; to estimate which, to their full extent, 
requires considerable professional experience. They are, how> 
•ever^ fully convinced, that the result of them will be to efiec- 
taate^ in the construction of ships of war^ a great saving of 
expenditure to tiie public, and to secure a proportionate eeo- 
nomy of human life, arising from the superior durability and 
■ greater power of resistance to the element^, and to tlie casual- 
^es incidental to nautical Hfe^ which the modem system of 
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keeping our fleets at sea, at all .seasons and in a}l weather, )ia^ 
imAttftt^ of the uti^o^t i^^ortance^ rUese 6emices> althpugii 
Ikif kam BXhiwg 9i that iin^iia^^jr which forcibly attraott fmlir 
lift adniirilinni wiU cmHiium td BHate a laitiMr linrfit mi Um 
BfitWi nation, long «flter tiuU perM wImp the hmi i fi al ti i itM 
#f victories, however splendid, shall have parsed away." 

As 1 have niejati^^iied, as a collateral circumstanosi tlie esta* 
the aievaiiil 4lNl|L^^ds ^ 4|ie time each took place, 

iiall4«rMal iMMBiiiim|tf4 at P«inlMolte» in SomA W^item 

We have hitherto, in size, followed the practices of other 
nations; aad as our ueigliboius, tlie French, have lately given 
lacfiaMii 4iil#nsions, not o^dy t^ ^ir three-4e<9k^ ^I^H^ bu|^ 
Alio ^ Hktm #f #Aat ^hmh #Mfirii«fi h a mmiH^ to 

at no distant period, to follow this example^ With nepeet to 
the first-rates now building in France, whicfi are •said to be 232 
ifi i^igth ao^ 60 feet in breadth, these dimen&ioi^ appear 
|» HMi to bt <iaRi(Kl t9 tlia utiQCKit ««ten^f if bayaMi t|»e 
.luirili of propfiety I for natqra dots iM l«nriA» ia any nwhirp 
trees euAeiently large for their top-masts, nor imii sufficieiidy 
powerful to take in their sails, according to the piebent prac- 
tices : nor is the depth of water, in some of the harbours on ttte 
•caaelB of EngUad ainl al Fr^^ eajjaitfn^ fpr tMr enfii veeep- 
-tiotf. iucJi ah^ ikm^ epy w to b» wiber mnnmm^ of ibp 
fMas aad aplaiidlHir of a nation, tha<i maekfnes of iMe^laaes, 

In conclusion^— -I have had occasion to mention before the 
naipe of Chapman, iu the highest terms af praise, as a laan of 
geniof mui \iwm\itd%<^ who oomlHiiad In a mata oniin»nl 
gfca tiia iliaafy pmctto# of mvyd awhitootutp^ tkta ony 
atkat ftnm. Tha opkHmi, then, of to aUa aaoMtaeloiv with 

,res})ect to the diificulties which attend the uayal arehitect, wiU 
be reiieived with some det^rec of deference. 

• Chapwen »ays, To possess the theory ami aiffait^atoie 
aoMtta to woaed the foree of 4he Imiiiniii maitmtBmUmgX m tie 

•obliged* ibmfina, to aovfttnt oiiiiie)?ee«witb a part of IMa «att 

, science ; that is, with knowing sufficient of it to give to ships 
the principal good qualities," but of these qualities QOfi ia at 

. vafiaofia wil^ anothier s it is ^e^oia naeeetary to liy «n to 
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jllilte theory and |)r4Ctict, that no more is lost iu one object 
thaii is necess^iry to itu^^^^i dp tte S^ffi Qf hoKk 

inny be. a aa^xij^iM^t'' 

9f»ti'img$ 4Mir.ibi9» .? Is it to A# mu wbo may brinf £9nv»nl 
some gcometncal or mechanical- series of eurved lines for a 
«hi^ b bodyy deduced from one or more curves ? for tliib has 
been many tim#s li^ixb (Bay at ail time» be p^formed by 
Oiere d^bler in the iMrt j^-^r-to ^hpse^ w|ip, Bpytfdlsss of 
HKjf toild sbifHl 1^ wlwt they «a)( the eye^ for there ar^ 
enough ^f thsM. whei> either are asked for reasons for 
any particular coa^tfuction, they assume mysticism, and would 
'Vappeaf wm by spying ^pt(iU^«'' ()^rtaifriy| from m such 
inen w t4» l)0(p# fof iin|>fovement}|f » speiice pregnant with 
4kfRrMmt t9 wimMHit wfiich ^^seeins ^ e^ce^d the force of 
the hmnan understanding.'' But let us look for the advance^ 
luent of naval architecture^ to tliobc ulio unite the theory with 
the practice, who are patient observers of the physical fact^ 
l^iudh exjp^ieiice brings tp view, and have sufficient sci- 

|» «4«oi|i)t for tii^ eUheF by Uiiit lopg e«t«b^^ if 
no^ tB endeavetir to disoover new ones* For whut is theor) , in 
its legitimate sense, but a law, or system of laws, e8tablisbe4 
imd confirmed by a series of well-conducted experiments ? 
• ^levili afQhiteiltiiffe f^nd nivfl (allies h^ve dcfived theif 
grentest advantages and improvements from pnen of scienpfl^ 
mi «oi/rm impa pi a etfrimt . Tp Boi^r i^e are Indebted 

for the * Traits du Nfii^re,' a^fd to Guler for the ^Theorie cora- 

jpjette de hi Construction, et de la Maeneuvie des Vaisseaux/ — 

»mim of tim high^ mmU . ^d Gierke were 

^ifOFffrnm th«ir worba aw mmM^^ oc^uwioiijs.by 
nara H a ell fli a w s I lo th« lattf^, Bi4o«r^Nehiop omim 

lality, by performing a new evolution laid down by lum; that of 
breaking through the line of battle formed by the enemy. The 
MiifiaF'i fidwpas^i hy (jiioja» iMidJi)^ highly useful iustrvpeat^ 
imtftrnf^Hm fktlh*blf:9mkm$ wa Ofye to jaaathematician^ b 

fimn lha kp]^i9titi»j4 kmr obiamtmv Mask^lypi^ tba 

quadrant of Hadley, and the chronometers of Harrison^ were 

the productioMs of scientific men. 

It may here be remarked^ that the politic views of Earl 
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152 StcUe of Naval ArckUecime tn tMi Counirif. 

Spencer, to which I have before alluded, in introducing scien- 
tific men into our dock-yards, were adopted on a more extensive 
scale by the government in the year 1810, who established a 
eehool at Portsmoirth for the education of nml afdRtects, on 
a scientific plan ; so es to embrace all the e d r an tngee of a shni- 
lar establishmeut introduced into France, in 1752, by M. Rou- 
ill^, then Minisire de la Marine^ and unite with them a more 
exte!).sive knowledge of the practice of ship-building. 

The hopes and expectations of this country, for impmhig 
our ships of war and perfecting naval science, are naturally 
centred in those gentlemen who have ^received so Kberal an 
education, and one so fitted to this purpose; and having a 
knowledge of most, if not all, of those who have been educated 
at this establishment, 1 am happy to give ray opinion that the 
expectations so naturally excited will, at no distant period, be 
realized. 

Whoever consults the history of this cuunti y, with the view 
of asqertliaing the means by which she arrived at her present 
greatness, may trace the general fact, that she has risen or 
fallen in the acale of nations as her navy has been fostered or 
neglected. Upon the navy, then, the honour, the safety, and 
the best interests of Great Britain depend ; and we may rest 
assured that this service will be protected by the Prince who 
now wields its destinies, and who has been a sharer in its 
honours and in its perils. 

It must be received, by all who now hear me, as a most 
gratifying circumstance (and I make the assertion not from 
hearsay, but from an intimate knowledge of the fact,) that, at 
no period of our naval history, did this country possess a better* 
conditioned fleet than at the present time. And fhrther, let 
me impress upon your attention, that the navy is not only our 
surest defence, but the means to wealth and natioRal prosperity ( 
to ensure which, our ships should be numerous, be iii all good 
properties fully equal to those of our enemies, be.preserved with 
unceasing care, and be commanded and navigated by the 
valiant, adventurous, and hardy sons of the United Kmifdoma. 
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Art. X.^M«nmk$m tim Siabik^ qfSb9$i with 1SM0»^^ 
a J Mbm oi r eMkd * AppliettkmB Ocomitifa ttdb MtdNH 

nique, a la Stability des corps flottants ;' Par Charles 
DupWf Membre de I'Institut de Mrance^ Acadeniie des 

The stability of floating bodies, with its application to ships, 
has been siiccessfullv treated by many writers. In the essential 
parts of the subject, whether treated geometrically or analyti- 
catty, all have founded their investigations on the same esta- 
blished principles of mechanics. Although experiment has 
determined many facts connected with the action of ships at 
sea, which, probably, mathematical science would never have 
discovered, yet, on the other hand, many of the most important 
properticB of ships, have been explained and rendered capable 
of being correctly measured, by the discovery of principles de- 
duced from the laws of mechanics, which could never have been 
ascertained by mere expei iaient and practice. The stability of 
ships is one of the quaiities deducible from the laws of mecha- 
nics, independently of experiment. Experience is necessary 
only in the determination of the degree of stability to be given 
to any ship, the design of which is to be made, by comparing it 
with the degrees of stability which ships of a similar kind, of 
known character, are found by calculation to po'vscss. 

The oldest work known, on the subject of floating bodies, 
was written by Archimedes ; a commentary was written on it by 
Rev. Abram Robertson, contained in the Appendix to the Latin 
edition of the works of this ancient philosopher. The demon- 
strations in this work, which are conducted synthetically, de- 
termine the conditions of equilibrium of spherical^ cylindrical, 
and parabolic bodies. The general inve8tigation.of the subject 
was left to modern times. Nineteen centuries afterwards, the 
subject was again resumed, and rendered more general by Bou- 
guer in his Traite du NavirCf and by Euler in his Sdcntla 
NavaWtf and in his Tiieorie cdmplette de la Constmciion des 
Vameaux* In the works of these two authors, the investiga* 
tiona are restricted to the cases of symmetrml ibma witls^ 
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fctpeet to m phne : eireimwtaMes whicb by bo meant itfMt 
thdr appIieatioD to ahipSf which ve genenlly comdrnd as 
l|Mrtarily synmaHrioali iUar hwrailifttid t h a a ai ji ai an^^t 

ti^iy, Buuguer geometrically, the method which has been 
irn^ C9nHUO|ily suiopted hy writ^DFs on Maval arcliitecture. In 
fj^^untry^ the subject t|f Aiating bodies h^ beeu tfiHt^ 
▼cry ably by Atwood, in a paper in the PhitoenphiraJ ^i|J||||||a» 
tiona of the Royal Society in 1796, and was afterwards very 
usefMlly applied by him to ships^ in a paper in the same Trans-* 
sctions (or capable of general use in the practice of con- 
slriW^ion.^ The <^||:(UJn^|ipces ii> which (he appii^a^Oli of 

Atm^%]pi^f^ |o prap^Qe diffm fmrn thane 9( fs^ 

shgwii in Mt* %» Vol, ^ this wprkt t f. ; ; 

The .Memoir of M, Dupii), on tb? stability of floating bodies, 
is tlie first application of the method given by him in five other 
meipoirs of geometry^ under the title pf ^ DevthppetJu^Us ^ 

Qeomeine, ip fpllow Mi9 deaeiipiiye and analytical jBfumetqr 
of Xl. Monger The inve8t]||ation« io Ai9 Mi^mir are vevy 
elegant^ and it contains nrach which is new on the subject. 

The stability of floating bodies is of two sorts : hydrostatical 
stability, the stability of a floating body at rest ; ^nd hydr9^«- 
n^ical stal^ilityj the stability of a floating; bod\ in motion. 

Most tre^^.on the ftability pf shipa rielate chiefly t9 the 
aerostatical staUUty, The hydrodynmical sttbilityis attended 

with great difficulties : its dependence on the resistance of 
fluids, one of the subjects the least known of any in mechanics, 
ren4ers it iippQjssibl^ to dp mpr?^ than apprp^ii^ate to (he cor- 

nja^f saiL Ci9oii|;tiu howeirei, i9 known on the «ii(ject pf ata^ 

hihty generally, to render its application to ship-building suffi- 
ciently correct for the practice of design ; at least as far as 
relates to the safety ^d g^UAral ^^^eiicy of a ^hijpi 'I'bft ^ 

relative stability of shif? is generally oQupared Pftly hi relatkm. 

to 0ieir hydrpatati^ atahility J 9o thal^ in fa^t, it i» 9^iely tbti, 
relathre stability pf ships at rest, whicb is compared together. 

When the ships are in motion, the ratio of their stability is 

' The principles iu Atwood's paper are coucisely generalised in a papt* r oo 
the itability of sbip$, written by Mr. Read, in the < Essays and Gleanings of 
Iia"'f*l Arebjt«ctiifo.' * . . 
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ak^e4 ') ftJid it k desimble to CDiXhidtr, as far as ouf knowledge 
permits u^, the effect of the different forces vvbich att oi^ tfaf 
ships wbi&u imikr sail, jl we assumed miy pq^ of the tb^orim 

of tli^ iwttm? i»f Aiiifaw wiikb h«Te been apiiUcil tp tbipt^* 

«qffecl,'» fli^Qiy «| 4»bqity» embrmrin^ all th# cinwitUiiets 

of ft ship under sail, wight be formed. What the effect of such 
a theoiy qf ^tabi^ity might he on the design of 6hip.s, we caj^- 
mtf witfi our present knowM^c oitXin sul^ject> determine. 
. la ^ARtMftrlqf the byditoiMictl al^bilky of a Aim 1^9 9^ 
i» m^ptmi Unh^U rat; and tim diatobing or moSmng iom 
mvat nefer^ in this case, be external : for every external forc^ • 
must cause motion, which will bring into action other forces, 
Xbe fa|uUibiiu|» of bydi^tatical stability i« alwa^a produced 1^ 

weigh! «9f tk^ tbip ^ ibe jfriicfl jfnMnm of Ui^ water 

. Wkea a. ship is under sail, the cquilibrimn of hydrodynamical 
stability is produced by iuur forces : the weight of the ship, the 
v^rtkal pressure of the water, tlie wind ou (be saU9 and on the 
fart ef the pWp aboHt the watei^ and thereaistaiiceof thsieatar 
ca|i0^ by tbe anotion of tbe iMp, To the latter Ibica migbt 
«le9 be added tbe reektanee of ibe air, caused by tbo motion^ 

the ship, on the })art of the ship above the water. 

The weight of the i^hip is a constant quantity, which mfiy be 

alm^ aaimtid aa 9fiiki§ tbiwugb a ver^ifial paiwi 
tfafiNiih iti eentre of ftantF* 
The vertical fieMute of the water, wbea a ship is defledofl 

from its upright, poj^ition, acts citlier to restore it to its upright 
position or to ii^cliue it further, by causing it to revuive round 
axis passing through its ceu^e of gravity. ]^ tbe 

«i{Hil{bffMa of bydmtalaoal etabiUty^ tM verlM frwue, 
whiab ii equal t» |be weight of the aUf^ almya tbicoagb 

the centre of gravity of the displaeement. When a ship is in 

motion, the vertieal preRsure of the wiiter on any elementafy 
j^t^f tiie surface of the body below the vvater, dnninished 

j(apo'A*T«^OCt|Voli U) m relation (p tba vploci^and tbo-dtrarv- 
tioti of tba inolia^. Tbe vertieal pvemra of t(ia ymtt9 ia not^ 

as in the case of a ship at rest, eqaal to the weight of the whole 

.volHiiie of water displaced by the ship ; as tlie bhip in motion, 
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sinks deeper in the water than when at rest. The value of the 
vertical pressure is determmed in rehtioa to the ship's velocity 
and the directkn of its motion. The mean direction of this 
vertSeal pveflsnre, alMi, no longer necemrity paraes through the 

centre of gravity of the displacement, as when the ship is at 
rest, but depends on the form of the body, and the direction 
and velocity of the ship'^ motion, it probably does not pass 
far from this pom^ though the tme direction in which it passes 
is one of the cheumstances which influence, although not prac* 
tically of great importance^ the hydrod}'namical stability of the 
ship. 

. ' When a ship is moved from a state of rest, by the force pf 
the wind on tlie saib, the re ws t a nce of the water gradnaily in* 
creases, while the relative force of the wind gradually diminf shes, 
nntil the ship has attained its greatest velocity ; when the hoii* 

zontal effort of the force of the wind on the sails, and the re- 
sistance of the water on tlie ship's body, become equal. The 
mean direction depends on the form of the ship's body ; when 
the ship begms to nnyve in the wotar, the foaet of the meat 
resistance gradually hicreasing, and the relative force of the 
wind p^radually diminishini^, two liiieh being taken to represent 
the direction and value of these forces, and the parallelogram 
being completed, the diagonal represents the resultant of these 
forces. ^Ilie iocus of the esttremities of different diagonals 
representing the resultants of these forces, at consecutive periods 
during the time occupied in the ship's obtaining its greatest 
velocity, is evidently a parabola, bavins: ^be direction of the 
mean resistance of the water, and the direction of the force of 
the wind, as tangents* 

; When a ship moves ma direct conrse, the mean direction of 
fQM vrater- rises considerahlv, and the direction of the force of 

the wind rises a little above a horizontalline, more or less, 
according to the raket)f the masts aft. l^ese two forces are 
equal only in a horizontal direction $ liy the composition and 
mohition of these forces, a vertical knee results, winch there^ 
*fore necessari ly raises the ship, so that it will not sink, on this 
account, so deep in the water as when at rest. The quantity 
the displacement will be diminished, may be easily ascertained 
sffbsn «he ducction of the mean resistance of the water is known. 
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^offiMt die am «f th£ mSk etmek iierptndkiiMf, by 
face of the mmA, to be 18000 sqmre htit, and tet, by ineaM 

of an anemometer (an instrument for measuring the force of 
the wind), the force of the wind on a square foot is found, in 
the case under (umsideration, to be 3 pounds ; then, 57000 Ibc 
k the total foiee of Ihe wind on llw aeili. The dimliom of 
t)ie Bides ol the triangle of feeeei bckig known, the n^ee of 
the triangle are known^ «nd one of the «deo repraenlhiif 
the force of the wind being knowji, the other sides may 
be immediately found* Let the angle made by the mean 
direction of the WBter^ and the direction of- the force of the 
YHiDd, be 86 degrees, nndtbn angle opposite to the dncelion of 
the wind, 58 degrees ; thStt the side of the triangle 
the vertical pressure, will be 39596 Ibe., or 17.6 tons. 7'his 
quantity, by which the displacement would l>e diminished, will 
evidently be greater in proportion to the velocity of the sinpi 
and to the greater elevntlon of the mean direetion ofitinwalBit 
If the direction of the mean resistance were- rery high, the 
quantity by which the ship would be r a i s e d -ont of the water 
might be equal to^ or even greater than, the whole force of the 
wind«« 

In oilier that the fom of the' wind on the saila and the hnH 
of tbe ship^ and the mwk dii^eetion of ihe wmter, aiay iMtois^ 
so that the ship may sail without rinking deeper at either' of 

the extremities, and rising at the opposite extremitv, it is neces- 
sary that the centre of effort of the wind may be at such a 
height, thaft (he force of the wind multiplied into the perpefr* 
dicidar distenee pf ite.direelson pesfing through she centte of 
effort of the wind, from the centre of gravity of tlie ship,my fan 
equal to the force of the mean rcsifetance of the water, nmlti- 
plied into the perpentheiilar distance of its direction from the 
centre of gravity of the ship, ii the centre of eHbrt be above 
this height, the ship will, sink- desfislr bfths head, and riee al 
iheistew I and if helow this^heightflhe ship wUtrink dotpdr hy 
the stern, and rise forward* Tlmdistnnce'tlieeiitreniiCyof'the 
ship will biiik, will depend on the stability of the ship in the 
direction perpendicular to the axis of revolution. The equili- 
hiunn is establiyihedj vyhen the moment of the vertieal pnessnm 
ofthe«9^4fifieqnntto tliriltfi<MClm helwnsnf«bt«nKHnsnU:nl^ 
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ibt teot of th% wind and of the force of the mean resistance of 
lilt water : thtf teMoiMs Mm ctHtomted* hi M$ MM< fimn llii 
wuiapnrea anw at favanniaiiw > 

When a Ahip moves m an oMique course, the same forcei 
ccmstitute the eqnilibrium as wheu moving directly, only differ- 
ing in direction and c^uanttlj, Ilia force of the wind and the 
iiiiHfcan mi tha water af# at^aa^ mAf tiAm aitiiialad i»« 
hii i mi a tel diiaaioii^ In Ihtf oblique m ^m^H ai itf Ihtf (9iMt 
ta aia e; The mean direction M Hw water in th^ ohli^feie conM 
rises much less than in the direct course^ fr equetttlv pacing bift 
Utile above the centre of gravity of the ihip ; so that the mo- 
■MM at na tavoa oi twa wma aw ma iani^ vaiiig nnwii n^iaaier 

ihtktk iki mmmmmt: ftlatt w^^^ ^Im^I^ Ji#tfia tlltf ftkt^ 

iw ■DvnmBv VHP ■npm wnvWHOTi v vnv vi uwui^ wiv snip 

wWlmiawdilly lAdlaa a* ilii Ita-iMe f a^ttiliMlMI iHII 

be established as in the direct course, when tlie moment of the 
vertical pressure of the water is equal to the difierenee of thit 
mmmm of tlia ^tfssA atfid of the resistance of tfKf water, 

Wt'ttMi faMiMtel df tlitf ftMW of llitf ivlnd^ MiA #f tlia 
laiiiteiiNj 4^ tlfea watevi datamfiMs tfi^ i|i#uiiH]r tha flliip^ fitt 
rise or tlBh bodily in the water, and may be estitfiated a§ fof 
the direct course. The direction of the mean resistance of the 
Hwter in aw a h M q aa cwwraa rkhig very IM#/ and the forctf of 
Hia wM Mtivf m MM aait«^ irtMr MtoM hi«ii«ed Mnai 
^PTwiyj uw -^arcRw w^^mxmv fPf inwa iweea w very Oniaif 4 
Whether the re«irltant of these forces in an ohli^e emfrse, fo# 
any particular case, gives a force in an upward Or downward 
dlrecttati^ cui ba kaowii oniy hrjr* tlia actctal deter^iaaliail 
^ tlM main dIreetSoii af lia #«ter aiid of foice af 
«te liMr tIteteF Aift*«9, Ik tite 'jg^Merttl fciM 6f m# ihip^ 
af war af #mi#Mte llJ i lllJM i i o»y very nearly eoifnterbalance 
aacli other, the resultant generally giving an upward force, 
raises the ship a little out oi the water. When the ship 
iokaaa aaiMca krck by^a \mm^ squril^ the; l^ertlted Mtfttenltt 
(fmiiiiMac^ aonanaNa QCflwo^aa^ anw piDiaDfy tdWRCnwi 
alianging Ite ^IrMloil toa^owliwaM fBl(«»7 «b as 
hailing increases^ the ship sinlcs deeper in the water, atid af 
the ship returns to its uprii^ht position, the ship rises. The 
mean direction of the water depends on the rake of llM'iteMi 

iwd i te w i f^m, mit ^mimm^m Mgrt ^fiwiMr liR^ 
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Hike of the stem and stern-post, and the fuller the ship is at 
the water-line and iinmediately ahove^ and tiwaiiarper beloi^ 
the higher is til* mtma diMolldii *f liwuialciv wad Ikm- aiM» 

ito <|iip IwffflMi Ml of tlM 
' hyMhfnBmieti^ 'rtaUUt^k tcrtainiy that which relates^ 
Ihost properly, to naval arelnteetare ; as it is Under sail^ that 
the staijility of a ship is brought into action. AiUMUgh th^ 
diffienltiea of the sttbjNKt mmgr^ thal^ ia liMi fiMiM^alHii 
tf OMiidaoiif^ it teuwtU cmktaAymmaan^ytitm 
i» thu ^6itmuMmm^4ii thtrhydiodynmkU^ UMbiKty^ so lar m 
delates to the general acquahitance with the elements on which 
it depends^ will not be unattended with advantage in the ciesign 
of ^hips. Fortunately, however^ the effsct of the elemttfli #i 
IMA the hydtoMMiMl aluWity of 4a«iag \kfiim igiMi^ 
fm» 10 gHM a pari of tho MirafO <tf ill^ hylfflliyiirtiiiil 
atftbilityj that, for practical purposes, it will be found geWerally 
suflidient to compare together the hydrostatical stabihty of 
ehipt^ in otAn' eiMm^t^ mtMtiai ft^f^tf III * pH/ptii 

Ote 0^ ifae kioft twttiw on tjtm hydro m i M uMbWt^ of 

floating bodies, is a beautiful memoir by M. Dupin, to Whose 
genius aod zeal the mariup affair! of France are extenshpel y 
cUbted. 

Nieiftc of oaolf Ml* eif o^iUWIum, by (Mipj^uig A* u» In 

inclined to infinitely small angles, detei^mine« at once all the 
pobitioHS of equilibrium, which any floating body of a constant 
weight and iiif«nahle fona ean take. He commeneea his in* 
wtigition by p wii4iiy4|oiDO o^ th» ftiist pi^f l it w wfakh tin 
m/Sti&a/if of ioidtng MiM <di|w|dfe^ ml Ikiir M|tiAf pmtk 
to new flted ^ittettlt oOmldcfMlMis of th» inAjM. H<j showl 
that, *' ia order that a solid floating body may be in equilibriunlf, 
not only is it noeessary that the weight ot the volume of the 
fluid displaced be equal to the weight of the body, bot thattbo 
€MM of gHrfitF«^<i>^^MiiH>ie^'M^ oiatto of gnirit)! of 
tittt body, b*^ slMBtediii tbo «hm f enM liM*'* Soppoto tiMil 
all the planes of floatation of a floating body are determined 
aOeording to this tlieorem, and that the centre of gravity of 

^liflli of 4bM Ml- ot by 4h» fkiits- o^ ioamion k 
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atfinyifitjla nMot poMMig tl«p«gli all these centres of gnk- 
vky «rdiipkceaiitit ia ecMtaioad within tlic body, aiid nfermie. 

displacement" All the planes of floatation envelop anotiicf 
muiaatt, to which they are tangents, which is denominated the 
mtfaci-m/ ftoatoium. By a geomeuical consideration of the 
ptfppMe^ of thM two aiurkbeiy M, Dupiii determines not only 
«iie kMwnV' ImiI; tome new, theovens of floating bodies* A 
plane touching the surface of the centres of displacement at' 
any centre, is parallel to the plane of floatation corresponding 
to that centre, and is therefore horiapntal. In every state of 
•fiiliiiriilm^ tlmfoici^ a straight liae, passing through the oeor 
tM of gfa;i^ity of the dasplaeement, and the oentre ctf gravity of 
the body, will be perpendicular to the snr&ce of the centfes of 
displacement. The d^'teruiination of the positions of equi- 
librium of a floating body may then be determinedi by asc^^r* 
tfiniag the perpendiculai's to this surfiKe^ passing: thfoi^lif^ 
oaMtre of gisavity of ihA body* means jof these perpeadi^ 
culars to the surface, the character of the equilibrium is immeiU 
diately determined. If the jjcrpendicular to the surface at any 
centre, when the body is iudined to a very small angle, passes 
abbve the^ceutre of gravity of thehodyy the equilibrinm is stable ; 
if below, unstable : and if it passes through the centre of gmwiqr 
of th» body» stahiUty is indifffvtetr The idtemeetidn of the 
perpendicular to the surface, when the body is inclined, with 
the perpendicular to the surface when upright^ is the point 
4enomiiuited the mtetaceutre li^ Bottguer. . . l i ^^uji^^U^ f 
r Uenoa tesirita this, .ihrnemy whioh Appears wm^- 
lenarki: in -conlplinlig a position of equilibrinm .of a floitiiig 
hody with the neighbouring positions it can be made to take, 
the distance of its centre of gravity to the centre of its dis- 
plsCeinettt is a maximum or minimum^ according as the equiM^ 
hrhim is attihle Or unstable ; in the eqnttihnitm of iiidi(KmaiM| 
this dfeta«!(e is eOnstant**' r^i :>mo biof^ 

By a eonsideraliofi of the relation of tbeie perpendiculars to 
the surface of the centres, it appears that, " for the direction 
which corresponds with the greatest stability of a floating body, 
the axis of rotation: .is parallel to the .direction of the gireeileit 
^mtinf ^ the ewtee of the eenlveai aiid'te tfae'diieclSmip 



Digrtized by Google 



which corresponds with the least stability, this axis isr parallel 
to the directioD of the least eunrattire of the surface of the 
eeuties of displacement." 

The surface of the centres of displacement hfcrmSe, and the 

curvatures are throughout in the same direction. The centres 
ot the mean curvatures are on the perpcDdicuiar^ between the 
centres of the greatest and least cunratnre. 

We see^ then,, that if the centre of gravity of the body is 
below the centre of the greatest currature of the surface of the 
centres of displacement, at this position of equilibrium, the 
body will possess absolute stability in all directions. But if the 
centre of gravity of the body is above the centre of the greatest 
curvature, and below the centre of the least enrvatuie, the 
equilibrium will be stable in the direetion of the least-curva- 
ture, but unstable in the direction of the greatest curvature. 
These two directions are at right angles to each other. 

To determine the stability in all intermediate directions^ M. 
Dnpin has -recourse to a curve, which he calls la courb^ indica* 
trice* It is^ in this case, the intersection of the surface of the 
centres of displacement hy^ plane drawn parallel to a plane 
touching the surface of the centres of disphicement, and infi- 
nitely near to it, which therefore indicates the form of this 
surface in the- immediate vicinity of the tangent plane. Tlie 
two curvatures of the surface of the centres of displacement 
being in the same direction, its indicatrix is always- an ellipse, 
whose axes are parallel to the directions of the <^reatcst and 
least stability^ The conjugate diameters of the indicatriK re* 
present as many systems of conjugate tangents of the surface 
of the centres. 

The degrees of th^ stability are propordonal to the squares 

of the diameters of the indicatrix, in every direction of inclina- 
tion of the body. The diameter of the indicatrix in any section 
perpendicular to the surface of the centres passing through the 
centre of gravity of the. body, regarded as the centre of curva- 
ture of the perpendicular section. Is determined by this pro* 
portion : the square of the great or little axis is to the square 
of the diameter sought, as the greatest or least radius oi cur- 
vature of the surface at the centre of displacement^ is to the 
radius repiesented by the distance of the centre of gravity of 
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the body to l!ie same point. This diameter being dttfehttttied, 
two perpfendicular sections are kjiown, symmcLiically placed in 
relation to the directions of the greatest and least stability. 
Dupin estkbliihes this general theorem In th^ ti)^i^Aum 
of a flowing bbdy, and terminaled by any barfaicif (itegular 6)r 
irregular), tM JStabllfty cdnsidered in the iJHWr^fift VMriitttfofft iik 
which the cquilibrimn is disturbed, is dUvars svni metrical with 
jfelation to two vertical planes perpendicular tt) each otheir. 
' f he sum of the twd eoi^jugate stabilities, for thi6 sdittle ^Dst- 
tlon of equilibrium, is always tiohstant, aM equal tb theisutii 
of tiie greaW&^t and lekst stability of ttiift iloatlrtg body. 

These two planes intersect in t^ie vertical, passing through 
the centre of gravity of the floating body, and the centre of gra- 
vity of displacement. These planes in ships are, Evidently, the 
lotigiHidinai and iiiuisverse planed p^hg through th^ centra of 
gravity of thd s^iip iemd tfm centre of j^a^ty of its displabem^nL 
' ** In the gtjiieral ca-c, tliat is, with any fOrm of the ftoating 
body, these principal directions being no loligeir indicated d 
priori, they must ke sought for by reference %6 the surface of 
the Oefltr^s bf displac^m^ht. h i§ then sUffibWkit to deterttiin^ 
on this ftmface, th^ directioh^ of the two prlncipn) cuy^kliireS 
Vj^hich cross each other at right angles at the centre of thi^ 
displacement, to which the position of equilibrium under con- 
sideration belongs, lliese directions, as \ye have seen, will b6 
{precisely those of the greatest and least stability. We have 
bcc'asiOh, iki oTrdef to kttiy^ at diii, to bring mto con^deralidft 
Ihfe planes of AoktatiOn alid the graphical magnitudes, wliifch 
depend thereon." ' 

The surface of the floatations is Jerm6ey ^d has its curva- 
tures turned in X\\k Same direction, like the surface of the ce^* 
tfies of the displacemefate; these two surfaces nev^r crb'ss eacH 
titWe1*, 'the ofte illwAys etlv^loping the other. "^The surface 
enveloped by the planes of floatation, contains the centres of 
gravity of the areas of all these planes; the area being termi- 
nated, on all parts, by the extenor surface of the floating 
body/' . . / . \ 

When the body inclines to an infinitely smah angle, the 
small volume immersed by the nu Iltiation, which is necessarily 
equal to the small volume emer|;eU thereby, divided by the tan* 



Digrtized by Google 



Remarks on the Stability of Ships* 16S 

|f*tit of the angle of Indfeation, is equal to the «um of Ifc* 
moments of the part of the plane of floatation, taken from th^ 
axis pasbiiig through the centres of gravity of these planes of 
floatation; and tho Btmple moment of this Tdnme^ ditided hf 
\he tangent of the angle of liicHnation^ b equal to the toomeift 
<>f fnettia of ^ area of th^ part of ^ pitme of flioatatieii) tldi^ 

ing the same axis as the axis of the moments. 

But the moments of the immersed and emei^ed volumes, 
divided by the tangent of the angle of the hiclination, mid by 
the volmne of the diBptacement, m eqaal^ together^ to tlite 
iradros of the arc tracM By the miitibn of the eeiitie i;iMty 
of displacement. The radius ui this arc is then equal to thfe 
moment of inertia of the total area of floatation, divided by the 
constant volume of displacement. The radius of curvature and 
this 8am tyf the moments of Inertia, being in a constant tftdo tb 
each oi3ier, they will be at the «ame time a mas^mttn lir 
minimum. 

From which the following remarkable theorems result : — 
!• The greatest radius of curvature of the surface of the 
centres of the disjAacement is, for the centre tknder con8ider»- 
^Sm, eqdal to Uie greatest mohi'eiit of mertia df th^ atea of the 
corresponditig lloatdtion, divided by the Tohime iof the 
placement.** 

2. The least radius is, on the contrary, equal to the least 
of these moments, divided by tjie volume of the displacement." 

^ Thie iKreetibn 6f the greatest curvatdre of the awface 
bf th« centres of the displacement, is that of the ancis* bf iiie 
greatest moment of inertia of the area of the floatation.** 

4. *^ 'The direction of the least cuiTature of the surface of 
the centres of the displacement, is that of the axis of the least 
moment of inertia of the area of the iloat&doh.'' ' 
' But the tinies of the great«!st and least sAabHity of any «ir- 
face cross each other at right angles. Then the principal ^rtfes 
of the greatest and least moments of inertia of the floatation 
cross each other at right angles, whatever be the hgure oi this 
area/' 

tti general cases, It is evident that the vertical line {^asSHig 

through the centre of displacement will hot pas* iJirough the 
intersection of two consecutive floataticms. If the moments 

f€ 2 



Digrtized by Google 



164 



Remarks on ihe AahOUy of Shipi. 



m talien in nslation to atkother pUne^ parallel to the plane 
paming through the vertical of the centre of displacement^ the 
ra^us of eunrature becomes identical with that determined in 

arriving at the results just obtained. The sum of the two mo- 
menta muat remain the same^ when the plane to which the 
momenta are referred is removed to any distance in the same 
directioa. Their mm, multiplied by the constant mass of the 
weights acting in the two opposite directions, is precisely the 
total moiaeiit. As long as the centres of gravity of the body 
and of the displacement remain at the same height, the ai'ea of 
floatation may be removed to any distance, without any varia- 
tion in the radius of curvature of the surface of the centres of 
displaeementy for the position of equilihriimi considered. 

M. Dupin refers his consideration of the infinite transforma' 
tions of the surface of the centres of displacement of dilferent 
bodies^ under the precedmg limitationsj to his examination of 
these transformations in his ^ Developpemeats de GeametrieJ 

This general theorem results from the consideration^ tha^ 
Tound a primitive centre of displacement, the curvature of the 
surface of the centres of displacement remains always the same, 
xn^Qf all possible directions j and, consequently, that the pri- 
,m&tive swface of the centres preserves a contact of the second 
order wtth every new surface of centres of displacement* The 
•atahility of the new floating body will then be equal, in all 
directions, to that of the first body. 

M. Dupin then proceeds to determine the principal elements 
of<^ surface of floatations, on which the curvature of the 
anrfaoe of th^ centres of displacement depends. This surface, 
and the surface of the centres of displacement, which depend 
on each other, never cross, the one always circumscribing the 
other. The planes of floatation are tangents to the surface of 
. floatations ; and the point of contact of this surface with the 
area of each floatation is the centre of gravity of this plan^ 
hounded by the perimeter of the floating body. 

M« Dupin deduces the following results from his reasoning : 

If a weight be applied to each point of the boundaiy of the 
.floatation proportional to the tangent of the angle which a 
vertical line forms at each point with the boundary of the float-> 
ing fHMly, the.principal axis of the greatest and least moments 
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df ioertlft of their Ihie of weights, will be retpectivelf parallel 

to the lines of the least and greatest curvature of the surface of 
floatation 5" and " that if the greatest or least moment of inertia 
of the boundary of the floatation, thus charged with weights^ 
be divided by the area of floatation, the quotient will be the 
radius of the least or greatest curvature of the surface of th^ 
floatations." 

After showinc: that the number of positions of equilibrium 
which a floating body can take, is equal to the number of per- 
pendiculars which can be drawn to the surface of the centres of 
displacement, through the centre of gravity of the body ; he 
proceeds to show, Ist, that ''the total number of positions of 
equilibrium of a floating body, moveable round a fixed axis, is 
an even number and, 2dly, that in the equilibrium of a 
floating body of any figure^ and moveable round an axis of 
which the direction is invariable, the number of positions of 
equilibrium of stability is equal to the number of pontions of 
equilibrium of instability. So that, in turning round the axis, 
it will ])ass alternately from a position of stability to one of 
instability." 

^ To the author's proof of these theorems, as well as to Pois- 
son's demonstration of the same principles by pure meehanses, 

M. Dupin shows that there is this objection : it is supposed 
that, in all the positions of equilibrium, the distances between 
the centres of gravity of displacement and the centre of gravity 
of the body, are either maxima or minima ; but in the equili* 
brtums of insensibility or indifference^ this is not the case* He^ ■ 
however, establishes the correctness of the theorems, by con- 
sidering the equilibrium of insensibility to be of a double cha- 
racter, as combining the equilibrium of stability with the equi- 
librium of instability ; by which the objection is removed. 

From the author's reasoning, there results also this theorem ; 
that every floating body can take, at least, one position of \ 
equilibrium of absolute stability, and one position of equilibrium 
of absolute instability." 

This memoir evinces, throughout, great power in the author, 
of carrying forward the subject, from first principles to the 
most difficult investigations. Many of the dieorems gw«n In it 
were previously known, but there is also much that was not 
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\mmi 9Md thAinv^stigiftiga of vdbitioa of mf«ai: Wti^ 
of floating bodtea is altogether new, which opws the p^th 

the consideration of many important p^rts of tUU U\ter^9ting 
and ifla|KMCt^t subject, hitherto unattempted. 

Tb« principles of the st^l^ility of ajbu^ are well kuqwn, and 
tta i|i^th(i4i of diltorpiuiiing, by Mious calcvUtioD^^ ihe y«1uq 
of the stability at any angle of inclination^ to a de§^ of accu*' 
racy fully sufficient for practice, are well understood by aeien* 
tific coiiitructors, who are iu no danger of making a design 
which will be found deficient in this ^sseutia) quality of a good • 
B|it ^era m w^ntii^ eoaj and (luick m^thod^ of 
estimating tha zdatire degtaes of stability of shi|i«» by tb«,Qowi- 
paribou of measurements, which can be readily ebtain^* Tp 
fuch desiderata, the furtlier j^ve^u^atioii of §ply^t will 
l^robably quickly lead* 

Jf U ba asked* tq wh^ immedi^t^ practical bcneht, in the 
dssign of Brttisfi n^eo of wari our knowladfie of the ^UbiUty 
of ships might be applied,— 4ire answer, to the increase of th« 
breadth of many classes of our navy ; nut by a rash and inscien- 
tific increase of this element, at the expense of other important 
(imklfties of % «hi{i, but by the determiuation of it^ iat^r^^se^ 
fbiqi4^ calcnUtioQ and cQ«ft|iaxisoii« 

Science dictates the further increase of this element^ wbi<^ 
H^j^^ie^ce^ \\\ x^i^y ipstances; has found highly advantageous. 

' ' ^^^^^^ 

• • • * ' 

Art. XI Oil the Podtim of ihe Cetitre qf Effort of the 

Sails, ivith respect to the JLength of the Vessel; in reply to 
the Memarks inserted in Art. XLI. of ' Papers on Naval 
. ^gliitec^eJ'-rBy hi^vr* A. G. CABf^suND, qf the Sbfif^h 

It was stated, in Art. XXX HI. of the ' Papers on Naviil 
Archiiacturet' that the common notion^ tliat a full body 
Gfiiriea, the nma resistance f^herafw is sot in^lfiim);" 
1^ this beiqg thovyht endent to any one bastowiog altentiiNi 
ofk the sul>ject, the proof ws not given ; kM^reverx a§ ^ hf» 
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|ip|i, it may l>e proper to give it ftr the i^akt of illustration. ^ 
, Thp tl^iiionstration given by Euler, ill the wmk oHid ki 
A4T«XXXiU*, <)oly proves that t(m mean resistance of « i«oC* 

iMi#^ movifilr in ^9mAf m teAw »fl iMi Ihatof « rbokob^Ml 
kill at <mly hlppom.lmaiise ike fAMnuMM fkkf of tfte rectT 

^ngle has no effect towards turning the Vessel, it may easily be 
inferred that the conclusion drawn from these .two pacticulai 
cases cannot be true in general* This will be clearly seen, if 
we anppoae, instead of the rectangular bodv, one AD, (Fig. 19), 
rectangular before, aiul triangular «ihtWti0^Mim 
the mean resistance in this figure is, according to Eulcr's motle 
of reasoning, ii\ K, HJ^ being drawn fj-oii) j,!]^ middle of li^ 
perpendicular tp it, and the an^le of leeway IFG being 

t|i9n cm, In tlie rhqwhpH Ef:cp ^ }s ip |^ PfJ^ bf-in; 

if^wn perpiendicglfur tfn FP, Henc^ thie jfulj^^ fc^js bqdy 
brings the mean resistance further forward than the bliarper 
pne EFC. This is then a case, which proves tjt^^ t\j^ ^^(^i^u- 
^ons drawn by Guler.^a ^Qt Ui|e \n gen^a^* 

It will easily ai^n tl^at the mo^* of Jp99om^g adoplad by 
that eminent geometer| chiefly on purpose to make himself un- 
derstood by the artists of those days, is not applicable for the 
wants of naval architecture, as it does not indicate the influence 
of different angles of . incidence towards altering the forces 
which tend to turn the v^^l : fov w^ch reason, the following 
method of calculating this influence be given. 

Suppose a suffkee AB, (Fig. 20), which'wftFtmi round a cen- 
tre C, when acted upon by any force in the direction DP; CP 
is then the radius vector for the point P of the curve, and ACP 
Ihe ai^iar abseisaa. DPM is the angle of incidence, fM, 
being the fangei&t* Suppose angle DFM as u, ACP-s y, 
PMC « ft CP sa «. The force acting in the dwection BP-can 
be resolved into two : one parallel to the surface, and the other 
in the (Erection PG perpendicular to it ; this latter, depending 
Upon the force and upon the angle of incidence, may be repre»- 
sehtedtyy /. (») .F^ eir by/; (») .di, when the shock h pi«K 
portional to the surface, as'ts the Case hi fluids; d9 being the 
•differential of the curved line AB, and /. (u) denoting any fiinc- 
tbn of ti. ^Thie force may again be resolved into GH perpen- 
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diciikr to the radim veetmr CP, nd HP in tlit mm^ dlitetioii 

with PC : it is evident that^ of these twu forces, only the former 
tends to turn the surface, as the direction of the latter passes 
through the centre of motion. Tbeangk UPM being ss PCM 
+ PMC^ and UPG being (he ooMpleiiiettt in n right angle to 
HPMyit Mhma diet m. HPG a. cm. (PCM + PMC) » 

+ /5) ; but GH, or the force which tends to turn the surface^ 
\» e<}ual to PG.ain* HPG: it hence follows that this force i« 

= /. (u) .ds, cos, y + P 

and ita momentum firom Ibe centre of motion C 

» 

= z ./. (w) d« . COS. y + p 

The sum of these momenta, in every part of the surface^ ex- 
presses the total momentum which tends to turn the surface ; 

hence the larger this sum is, each moment being taken with 
its proper sign, the greater is the tendency to turn^ or the 
ardency. 

If Cp is another radius yector drawn near the fortner, and 
p n be drawn perpendicular to CP, we have Pn d d , being 
the differentid of js, but Pn p . P .cof. MPH, or 

« cmt*fi + 7 as dz. 

this value being substituted in the above formula, and the iule* 
gral taken, we have the total momentum : 

scy^ J\{u),zdz. 

This expression was obtained, in the supposition that the 
forces paraUe! to the surface, which represent the friction, have 

no effect to tuiu ; and tliat the shcx:k is in proportion to the 
surface exposed to it, and to some function of the an^le of inci- 
dence. For bodies moving in fluids, the two {atter suppositioiis 
aie usuaUy admitted; but of the former, there my- be some 
doubt: it may, however, be remarked, that on the lee-eide and 
the foremost part of the vessel, where the impulse is greatest, 
in consequence of the greater angles of incidence, the friction 
has a tendency to countera4;t the turning, which is greater in 
sharp vessels than in full onea^ ofwing to th^ diffevence helmseii 
their respective If ngles of incidence : hence it appears to foUsw, 
that .the ardency calculated in this, way will be proportioij^^bly 
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less in the fuller vessel than in the sliarper one, than it would 
have been if the friction had been considered. As the laws for the 
mwUnce ci fluids are not known, the exaot mcaMre 6f €tkB 
ardencj cannot be ^^In $ but from the above expreidon may 
be dedveedy aslar as thepfcient itate of liie teience adttUls o( 
that there is no reason why a full fore body should carry the 
centre of resistance further aft, or lessen the ardency^ more than 
a sharp one* ' 

. If the nsiatanoa ie conudeied proportldMl to the tqmn: of 
the angle of ioeidence, as iiraal, we have/, (u) = ehu* u} ao4 
when the iressel Is symmetric with respect to the middle line, and 
the angle of lee- way MAK is = the value of u is on the lee- 
side A» + jS, and on the windward side # ~ )3 =5 ». C is the 
centre of gravity* Hie shock oni eadi ride of the middle line 
having a contrary actloui the total m<mientam oecasioned by 
theahockia 

^ sin, 2 u ^ain, 2 p d 

This formula expresses the effect of the shock, the integral 
being taken for all the parts receiving the shock* If the sides 
of the vessel are straight lineS| then /3 is a constant quantity, . 
and the momentum Is 

s 2 tfim* 2 i9« or 

ss em, 20.sin. 2 ^ — - - (A)j 

a and 6 being Uie limits between which the integral is taken. 
ItiiB latter expression belongs to a rhomboid (Fig.21)9 where AB 
SB a» AC s ^5 the angle ABC a ^9 and the angle of lee-way 
any angle DBB^'Soch thai only the sides EC and BF receive 

the shock. 

The formula (A) is applicable to any symmetrical body com- 
posed of straight lines, by introducing in it the value of and 
the radie veetoris for the beginning and for the end of the line. 
It might even be applied to a curve, if the nidSe veetoris are 

taken &o near each other that the portions of the curve between 
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tlitm fiiis^ k:c«iMiMi^ If afgjk I « « 

known function 2, expressed Uy ^ii eqmvtioilj th^ iD9J^§pt.vg[i 

of the curve may be obtiiiiicd by integration. 

should become a maximum or a minimmn. If this e^p|f^sblqt\ 

a), ¥ baoam a^l la aiit. 

^i9,j(; f^id as^ accor4iag to thp kuown rules of tlie Calpul 4e 
Vmiaiwti, =3 it follow^ that 

oreot.2|9. «S5 os hence cm. 2/1 » and, consequedtly^ 2jl 

s= a right angle, or ^9 =: 45? 

This is evidently a mininiuin, and it belongs to a square mov- 
ing, in the direction of one of tiie diagonals. In fact, it is easily 
seen that in this figure the ard^nlcy measured from the centre 
G^gnudlyif cs P, 

If the expressionyr ain. i /S a d a is traniMterred to right aagn- 

lar CH>dinate8 x and we obtain 

— -r- , xds-\-ydi/ 



tkL 2j0«ada« 



i J ■ illttS 
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In order tt ohuiiu 1^ nie^ of th* Cakml d$ Fonoiibii^ Um 

relation between y and by whiqh tliis expfessio^i becpn)^, ^ 

a. imfmuin, the Tariatlbn ot^^Vds ^J^^ V ; aifd the 
knowii rules of this sort of calcuhis ghe 

. dy ' . 

By tsliinig Uie diffeiential^ we obtain 

dV __ ^(l-y^*) + 2y.y 
dy ' (I + y'O' 



(r+?T — 



+ y. ' ^'^ "'^ ' ^i »y^y ^ ' ^ 

Thb expieBflaon » = -^^.ajpss j-~-^.d«; hetiee 

(y«-i).(y>4- 2y . (y . I - jyt^ 4^^3x77)^ 

audi <^«n9#qu«xitly« 

2[:ry'C3-yO-y.(^-3y)] 

This is, then, the diflferential equation of the eurve, in which 
the expression for the ardt ucy i^^ a maximum : it is of the 
is^cond degree, and the integral cannot be obtained ; but soma 
of the quaiittea ti^ ««rve inaj, however, he dedneed. k 

inay at first be observed, that Y dx, for the curve in ques- 

lofja^ la to H PHPomma ))etwrai the two pauit9 A wi 
(pg. 22)V wfe hate for the two liimta, 2^ ss i>, or 
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• *.(i-y») + 2»y »o - - (c) 

m 

i^hen jr ss a as DA, and when jr » o $ but when 4r as a, we 
obtain the ordinate for the point or y o : hence, at thm 

p<»nt,a.(l -y = o, or/^s l.y's ± 1 ; buty'w 

8 the trigonometrical tangent of the aii|{le DAF : that m, tbm 
angle DAF between the curve and the axis, is 45? ^at the 

point A. 

From the above e(juation m;\y also be seen, that y'=o when or 
as o : i. e. the tangent BE of the curve at the point B is parallel 
to the axis. 

The general expression .Ibr the radius of curvature r of a 

curve, is 

1 . 

By substituting the values of y' and before obtained^ we 
have for the curve in question^ 

^_ 2>jrjK(3^y^^)^y(l>-3n 

In this expression, r becomes mfinite when 4r as o, y^ bemg 

then = 1, as before found : i. e« the cuive has au inflexion at 
the point A. 

When jr = o, r becomes = 2 y = 2 c, if DB =s (C)r that is, 
CB is the radius of curvature for the point B. 
' This may be enough to show the nature of the curve in which 
the expression of the ardency is a maximum, and to prove that 
this curve is not very sliarp with respect to the axis. 

it may now be proper to show^ that the remarks inserted in 
Aa(V.XliL<if ^F^*" Arohitectars/ relative ^ the 

siAjeiBtiiow m qaeslioov are without lbuQiia|ion* 

Mr. Henwood b^ns by sUting that when a ship Is sailing 
by the wind, as the particles of aii impinge very obliquely on 
the surface of the sails, and as each particle, in gliding oft after 
impact, takes off a part of the action of some of the more.toe^ 
wardly particles^ the eiectlve action of the wind en the sails 
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must be gradually diminished from the weather-side to the lee- 
aide." He afterwards considers the action of the particles of 
water awk ^ om to that of the air^ and drwa the eoDohiuaii 
^ that whether a ship is foil or aharpt forward or abaft, ahe 
woidd be more weatherly if made to sail on an even keel, than 
she would be if caused to swim by the steru, throui^h an addi- 
tion being made to the depth of the keel at the after end/'— • 
Althoiigh this conclusion is not legitimate;^ there would atiU be 
tome reason for il^ if the principle waa truei or at least probable > 
but that this is not the case> will be easily secii «bgr proper 
consideration of the subjec t. 

In fact, the particle of air or water a (Fig. 25), in gliding off 
after impact in the direction b Cy receives the shock of another 
particle a\ proportional to the velocity and the weight of this 
particlcj and ia^ by this shocks repelled in the direction eg* If 
the particles are perfectly elastic bodies, then the angle a ^ d is 
equal to g b c, and the velocity of the particle a after the shoc k 
in i& is the same as before : consequently, two elahtic partidefi, 
a and a', of the same weight, will meet in the point e with equal 
velocities^ and will obtain directions eg and cA^ making equal 
angles with a line / c drawn parallel to the sturlaee dg : henee 
the particle a will imjjol in g, under the same angle and with 
the same force it iiad in b. The other particle a' receives a 
shock in by a new particle a", and- takes the direction h k, 
parallel to ab, meets a^ain the first particle rn'mk, and gim 
it the direction k 2; so that it touches at / with the same force 
in 5^ or in i& : this being repeated all the way along, the 
pressure or force on the surface must be equal all over. This 
is when the particles are considered quite elastic and inde- 
pendent of each other; but if they had been supposed to be 
but imperfectly elastic, and to have adhesion and ffictioiii as. as 
the case in elastic and non-elastic fluids, it would have been 
found that the angle cbs^ is less than abd, and that the velo- 
city of tli€L particle a is less alter the first shock in b than before, 
and consequently that it is repulsed towards the surface by the 
new particle a' with a greater force and under a gireater angle 
than at b t it henee follows that the pressure is greater at the 
after end of the bui fuce than at the foremost, or exactly tlie 
contrary to what Mi. Henwood has as&erted. 
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ift iMittttly necessary ihiiy «Iuni14 h«ve^ in ocder to preserve a 
ppMtiBf •qviUbriiiia batman ikit rrtiatanca on the boUam and 
the €»rea of tha ftailsr' It wae befoia tuppoaed^ ia the auaa 

remarks, that the ardency of Chapman's firigata was owing to 
her having heavy articles placed too near the bow. If both 
tkase €onj»ctiMres are right, it is a proof that two exactly opt- 
poaed eaasei give the same result. 

Mtv'Itowood appaua not to have haea aware that it ia 
extremely easy to measure or estimate the ejBTects produced , 
by the ditTerences of forms, when a measure of these diifer- 
ences and the corresponding effects can be given for a detex* 
auned nupaber of bodies. The.ipiastion is simply thia^— 
that for diflisfeBt fprma rq|»esented by quantities c***«fii^ 
there eirist different values ti, v, • • • • a, obtained from obser-r 
vatiou aad ihat, couscqueiitly, by tlie known methods used in 
all empirical investigation, a function u of the variable quan- 
tity a! may be very soon fo^^nd ; such that when this variable 
qoantily is equal to Of c. the corresponding value 

.11^ is (oqual to u, v, 9...,a5 and* consequently^ such, 'that 
when any other value between the limits a and ai is given to 
a', a cprrcs ponding value of u' will be ohtained, which iip- 
proaches very nearly to what would have been found by 
e)(perinifspt* It. is presumed Mr. Henwood wiU admits that, 
by these means, the effect of diff^ntly formed £6re 4nd afkar 
bodies upon the ardency can be estimated by the application 
of the paiabolic method, when the observations proposed in 
Art. XXXllI. shall first have been made. In physical 
science little would have been known^ if it had not been poa* 
sibl# to deduce law^i from « nmnber of hetM, as we seldon 
are able to ^d a prim, why things should be.as we observe 
them, and not otherwise. 

This question may be asked the autlior of the remarks 
If J( is found, by observations and by calculations upon a great 
pupiber of. sbips» that they invariably sail better when they 
approaeh very near to the parabolic method^ or are constructed 
after it, is there not then a shadow of a reason for supposing * 
that a better vessel would be produced" by this method than 
without it, though we, in our limited sphere of knowledge, are 
nut able discover yvhy it should be so I ChapoMn found thia 
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to be the oaae, and hk observation has not been denied bf kter 
coipcrkiice: it may tlwrefere be right to oonclode, that, until 
tiie contnuy ahall hate been shown, there h more reaeon to 

believe this than hypothetical conjectures ; besides, it may be 
asked^ are small dissimilarities the fundamental parts of the 
seiaice of naval architecture ? As Mr* Uenwood says, if they 
axe noty the adranoement of the aeienee cannot be impeded by 
tlie adaption of die above-mentioned mediod of constniction* 



A«T. Xih^A Hikthod laying' SMp^ Deeh9 aikumi'-Mpw. 

By Mr, Charles Willcqx, of M, Dockyard at Forts- 
mouth. 

In the last Nwnber of ^ Papers on Naval Arcfaiteetor^' the 
writer read with much attention a mode of forming ships' 

decks, by Mr. Henwood ; the subject of which had been a con- 
sideration of the writer for some considerable time ; it having 
occurred to him, at different periods, particularly while super* 
inteiidiag the laying adnrarfediips the alter part of the lower 
deck and roondhonies of 10-gun brigs, that much advantage 
would be gained if the. decks of ships generally were formed on 
this principle. 

By the adoption of transverse decks, the extreme difficulty 
of obtaining beam«pieces would be diminished^ and an advan- 
tage of greater depth in hold, and less height of the hull above 

water, would be afforded, v^ith equal strength and durability, 
and a considerable reduction in the quantity of materials, and 
.eonsequoitly in the expense. 

. Instead, of laying plink on beams to form a deck, as at pre- 
sent the writer proposes beams of reduced scantlings, placed 

at such a distance apart, that the space between them may be 
.shut in by plank let down into rabbets in tlie sides of the beams; 
■o that the beams, and plank between them, together, may form 
an athwurtship deck* , 

The decks of an 84-gun ship will be now described. The 
beams of the orlop deck, on the present plan, are 14^ inches 
square ^ the beamsj in the proposed plan^ are to be iO inches 
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moulded, aad 13 inches sided ; eaeh piece to be in length, from 
%lm tmhm, «o I tfMCSin^ Uyond tiw •idc of »to Iwit iii 
ways €Mi tht opposite tide ; every beam-piece (a a, Fig. 2i,) Mag 
coaked and bolted to the adjoining piece. From these beam* 
piecea a rabbet is to be taken out, an inch wide and 4 inches 
deep (Figi. 25 and 27)^ which wiB extend hem the inner pari a£ 
the watttw ay ta 2 inchta oa dit tftd of iIm mijwaitffbmmt^ 
pi6«e, whkh foniit aatop «l the h«U Ibr tiia eaialking ; 4 d««ll 
plank, of 4 inches thick and 15 inches broad, is intended to be 
placed between the beams^ resting on the rabbet {bb^ Fig. 25 
and 27) ; the deck plank to be seemed, on the under aide, by 
•nail dog^bnha dritan into the htanit» ai ite kmw fmct^ 
jnkhHf at about every foar fcel diitanc» Iron aaah aihar^ in 
the plate of the dog-bolt is to be a hole, which a screw will be 
turned through into the deck^plank, for it« fastening. This 
nathod will form a substantial aupport for the deck-plank^ and 
Vender the HabiBly of leaking nueh kaa. By thk mhda^ a gaad 
atop for tkt oanlldng wmild almya be hiiaiadt and lha ftaqoasl 
necessity of shifting decks, in consequence of large seams, and 
decay, by the efiect of iron fastening driren firom the upper side^ 
tiMatad* In the cable tiers, giatnga nay aahetitiila the daak* 
plank propaaad ; by yfbmh a good cltculatioa of air wniU ba 
piodueed* 

Under the beams, at each side of the hatchways, are proposed 
to be placed two binding-strakes, 4 inches thick (c c. Fig. 25 
and 26)9aAd beiagi togetheri 20 iaehaa bfo«i» wMbad top a^ 
tatc, or anahor-siaek finhkm, bdlad togathar^. a«d aaiowad 
to the beams and hooks, with eoaks and SCFCWStt will sup* 
port and tie tlie beams together in a fore atid aft directioa. 
Under these binding-strakes are to be placed pillars, whiah 
wOl tiand on a kaeleoo, astaiidtng fore and alt Ifaa ship I ott oneh 
inde of the mhlship one (giving an nUttianal aaeanty to the ioan 
and first futtocks), the dimensions of which may be reduced, iu 
consequence of Imving two in addition to our present practice 
Pillars, thus placed, have bean already adopted in^tha 
bine, and have been found to answw wel],.bolii for 
the conveiiienoa of stowing teidu^ te« 

The other decks to be formed on the same prmciple. The 
beams, de^-piank, and biadta|j^rakeS| tg he of the f^liftwii^ 
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HimwIiijiii-iJnui gMMfedi beim, 1 1 iofriifs mmVki and 13 
•Qclm ttded ; deck-plank^ 4 inches thick and 15 inches broad | 
bkiding-strakes, 4 inches thick and 20 inches broad. 

Tfce upper-deck beam*, 10 inches inoiild£d» and 13 inches 
•iited $ deok^-pknki 4 iachfa thM and iiiah«i brpad i biiid- 
fn9-«l»dcc^ 4 indbdi tkick aad 20 bKMid; 

Qttarter«deek and forecastle beams, 9 Itiches moulded and 
13 inches mdeid j deck-plaok anU biadiiig-strak^s, (like ^ame a^ 
latter, * " ' 

Bdniulkdiitt hmam, 7 inchca nunddtd ml 18 iiicket tided; 
^HdUpknk, 8 kidm ddek and 15 hOm humi ; bindiq^- 
Mrakes may be omitted. 

The waterways, on the present plaUi for the gim-deck, are 
from id to 14 inches squart; Adst propoMd are to be 13 
inches moulded and 1 1 inches nded, (waterwaya hi other dedia 
talmkt tlie same proportion,) the form of which to be precisely 
en the same plan as the present thick waterways (dd, Figs. 26 
and 279) except in not scoring over the beams, having a rabbet 
taken 00%, in tke uaial way, die depth of the deek^fdaoks tb^ 
watetMjr to be M dosrn Into the baaiaa and oeaked^ as ia vam 
4lie praetiec^ of such a depth dtat the upper part of the rabbet 
of the waterway shall bear on the upper side of the beam, 
which wiil be beaten back to eonrespood with the rabbet form- 
ing Ihe waterway laaai. 

. Tke shelf«fiaaes to beaf thaiamediiatarfoiis at the prwant, 
«oaked to the beams, and bolted, as is now the enstom. 

One chock under the shelf, between every two ports, may be 
•considered necessary, to resist the pressure ot the beam% deck, 
mod wa%hta therani* To the ktmi ai Hkmtt ahoakt avt to ba 
fitted iron knees, {e e. Figs. 26 and 27 at an additional tie to the 
beams and the ship^s sides ; a part of the crown of the knee 
'forming a tenon, to be let up into the beam ; the arm of the 
knee under the beam to be one foot in length, the and of which 
to bo of a T Ibmiy eitendi^g to the «daa of Che beamsibthit 
am are to be two aeravt, an ioeh in diaasetar and 8 iaehet 
long, for the gun-deck, and for other decks in the same pro- 
portion, with a square head, to be turned up into the beam by 
means of a spanaisri ^esotoreivt will be equally as secure at 

Wtk»wlihllMadwiti^iifaakioiniiM^ Ooa 

n2 
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coliar^headed bolt is to be driven between the two screws^ 

nearer the throaty the point of the bolt will be a screw, an 
eighth of an inch less in diameter than the other part^ which 
will prevent the thread of it from being clogged by driving. 
The top of the bolt-hole^ previous to driving the bolt, is to be 
bored down with a ring-engine, three faiches deep ; into tfin 
hole a circular washer and nut will be put over the screw of 
the bolt, and turned on tight ; a plug is then to be driven on it 
and caulked, to prevent the probability of a leak by the bolt* 
That part of the knee on the front of the chock and shelfj is to 
-be bolted iii the usual inanner, except having a screw m the tot 
of it, similar to those in the T arm. When this knee is put 
into its place, the screws are to be turned in first, which will 
keep the knee fixed while boring throt^h the bolt-holes and 
driving the bolts. 

At the hatch, aihd ladder ways, carlings (fj Fig, 28,} wiH be let 
down between the beams, with a double stop, which will ibmi 
part of the comings, staiKhno;' above the deck 4 inches; the 
comings are to he coaked or rabbeted to the top of these car- 
lings. The head-ledge's are to be let down into the beams two 
inches and a half, for caulking, wad coiaked to the beams, halv- 
ing over the comings, and bolted in the usual way ; a rabbet n 
to be taken out of the side of the carlings, to receive the ends 
of the deck-piank; half- beams Fig. 28,) will also be let 
down Into the carlings, and be secured to them with dog-bolts: 
and that part of the half-beams above the rAbblst, vAdch Is 
taken out of them to receive the deck-plank, will rest on. the 
rabbet of the carling, forming a double stof) ; by which there 
will be the same depth of caulking against the comings as in 
any other part of the deck. 

The mast-partners to be lotted in a similar manner. 

As two rows of pillars are intended to' each deck, undir tiie 
binding- strakes, it is proposed that they shall be made of iron, 
which will be neater, and occupy less space. Iron pillars, on 
the present plan, rarely answer the intended purpose, as thej 
oftener bear on the bolt which forms the hinge, than^on the 
head of the pillar. The writer would propose them to be made 
in the following manner : a circular cast-iron cap, about 8 
inches in diameter^ with a spherical cavity in the under side of 
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it, suitable to the round head of the pillar; tlic cap is to be 
formed with ears, between which the head of the iron pillar is 
to be fitted, forming the hinge. The bole in the pillar^ for the 
bokt lungey instead of being round is to be an inch longer thao 
4tlie diameter of the bolt, which will admit of the pillar bearing 
only on its head, in the corresponding socket, aad to step into a 
base similar to the cap ; each of which to be secured in their 
places by ecrews^ which will render them more easy to be 
•hilted.* 

In speaking of the advantages gained by adopting this plan 
of fitting decks athwartship, it may be observed, that the beams, 
half-beams, carlin^s, ledges, binding-stiiikes, and flat of deck, 
on the preiigit plan, amount to about 6900 cubic ieet ; whereas, 
the one proposed would be 5800 cubic feet i consequently, i 100 
cubic feet of timber would be saved, and the expense of work- 
manship very considerably lessened. The depth in hold would 
be increased 16 inches, and the heii^ht of the bliip's hull de- 
creased 10 inches, which is gained by adding to the present 
height the thickness of the decks, and the difference between 
the moulding of the present beams and those proposed | sup- 
posing the gun-deck ports to remiun above the load draught of 
water the same distance as at present. 

^ The b^Bs, being placed in the uniform manner proposed, 
would give aioie than double the number to each deck, com- 
pared with our present plan $ consequently, pamh aaore secun^ 
is gained, by the attachment of the beams to the side, aldiough 
more than half the present number of ii ou knees are dispensed 
)viUi^ which, with the removal of the weight from the decks, 
. will am ou nt to upwards of 100 tons. 
^ The beams being phu»d at the side Id inches aparl^ and the 
deck-plank coming between them, resting on the rabbet taken 
out of the beams, will more nearly equalize the strength of the 
deck throughout, than the present plan, and will give a sub- 
stantial renstance to the recoil of the guns, when fired, as well as 
to their momentum, when the ship is labouring in a heavy sea. 
This mode of constructing dedcs will cause no alteration in 

- 1 A jack-ln-tbe-box should be vMd ia aU caiet of tiinilii|f up plUmi, or 
teking Ibesi away ; it bciof too oflcn tbs cne« that mudi damage is dona bj' 
striking tiMm violcBlly wilii a bbshI, to get tbeai out of their place. 
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4lie fitting of the hammock^fatlii whioh !■ tttacM to tiw 
«id€ of the bewisf alio, a free ^weolatioii of ur will he uMttm^ 

between the ends of the beaiaa^ iuto the opeiuiig% between the 
timbers. 

- The presettt phui will possess the advantages whieh haive eo 
inqmth^ faeen oofitidmd tkiirahle^ of fitiiag dedu wMmA 
the faslefitngs going through lirom thervpper fide, hi ofder to 

prevent Icak.s, aiid to afibrd a rcconverftion of tlie timber when 
it may be seen necessary to shift it, 

. To comieat the different parte Of a ship together^ so that, 
when any part mqricqttinr to he MSUdf it may be done with^ 
oM faienrring much trmiMe or eiipenie, is one of the «noet {«»• 

portant considerations in practical ihip-buildiiig. The pro* 
posed plan alfordsj in this respeet^ every faeiiity. 

63HBHBB3 

Art* XHL*-utf Plan proposed for miwgmhiHg Hte9 • 

dn board Ships. 

(2n» tka MiUm »f Paper $ on Naval ArchUeciure.) 

• 

Gbntlbmbn,**^! beg to submit for Insertion, in the Papers 
on Naval Architecture, the following description of a method 
of extingubhing hres in ships, I am aware that diiianlties 
nay arise in the pmetieal eneoiitlon of my proposali yet I 
eeiiDot doiiht bv( tet they may be eimaminted by admrtkm 
end perseireraneet whilst the confidence I may justly entertain 
in the well-known principle I have assumed, emboldens me to 
hope the plan may be ultimately rendered not uttWOtthy of 
eonsidemtioQ, . . 

ImiiCbitdeiiieiiy 

Your obedient Servant, 

GfiOEGB CO0BTMW. 

School of Na»<d JrckiUcture, 

The mstrnment proposed^ for tiie pUrposeof admitting water 
into a ship, is foftted on the prfaidple of the syphon. A bent 



Digitized by Google 



copper tub% one foot in diainetec, ia placed through a potty 
Iw wi D g Mi Mn OHlndo the ahipy extendipg to % eMll deptli 
Mowr tho w«t«r^«iprfiico; the othar iatMe, ptmiig ihimgfc tha 

gtiii*deek and orlop, to the lower pmrt of the hold. Let the 
instrument^ thus placed, be supposed fiUetl with water^ and the 
two orifices closed ; if they be tbea uncioaed, the water will flow 
MA at the ortte mtUm ibip^ wbu& it » eoMUeiable 
depdi biloir tin Mter'i aarbee^ vhikt the pmnm of the aft« 
noephere^ forcing the itiid through tlie fdbe from the outside^ 
will cause a constant stream to be maintained as long as may 
he required* Two vaivei are fitted closely over the oriiioea^ 
wkkk say be oj^iM^ or abut by rods ixed to Hmm, tmi 
hKMghi.iip to tho fMun of the imtmniettt whUi mtt on the 
portiflL These Takei are lt>r the p«rpoae of nore conveniently 
filling the instrument; aiid^ by their means, its action may be 
made to commence or ceaae at any instant. It will be further 
necceoary to imneraa the orihce in the hold^ % few inchei» in a 
ynmd uiwntftt, to ptmnt the ednii^iiioQ of any partielea of air, 
which may otherwise penetrate into the tube^ at this plaee^ in 
ao considerable a degree, as eventually to stop its action. 

It ia suggested that an instrument of this kind ha aupplied 
loaUalMpa* Ut immdhmj, i| he filed ia the id w o- p o s i tion^ 
nni filM with water <the valw imdo the akip hong ^ttt. Mid 
liiat outside open, and secured back), this precaution will cause 
whatever leakage takes place at the inner valve to be supplied, * 
mkAf at the same tiofi^ furnish a ronataut teat to ascertain the 
fliBte of tha insteumnt* On diaomrerinf a fire to ha;fo ooa^- 
waneadi the peim on hoard Iu« only to opan tba vabo in tho 

hold, by means of the rod brought up to the portsill, when the 
instrument will instantly be in full action. The adjoining ships, 
in the mean time, should send their syphons in their boats, and 
dieiMae thm aa <|iiekly « poaaihla through any poit the fire- 
1^1 permit; for whieh purpose, every Ihciliiy may btf aflbidbd 
in the disposition of the spaces left in the decks for the circu- 
lation oi air. Thus the ship may be rapidly sunk to her port- 
aills; the syphons then stopped, by closing the outer valves: 
aftd thm all the diffi^ty and expmae of ndaing the hottoai 
wiH lio avoided. 

- Whilst tUe ship la being sunk, it wUl be necessary to plug up 

I* 
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those holes with which some of the planks in the buttocks are 
wuaUj perlorattd, for the advimon of air ; at the sane ttM, 
the jpmHleek icnppen smat beelso pkigged, aad the gvi-niooi 

ports and air scntyes in frigatea eanlked. 

' It is presumed, the above instrument may be admitted to 
combine the following advantages :— . ♦ 

1. Siaiplicity J moMing the triiing espeme of ks eoMtme- 
aad the gieat.iinprohahilitj of its gettng cmt of otdcr. 

2. The fecility with which it is put in operation^ and tlie 
continuance of its action without manual labour. 

. 3* The power possessed of stopping its action at any instant; 
\tf which memsy the expense of raising a ship in harhour ia 
saved, and a secarity afforded against the eieete of aeeident* 

It is further proposed, that a few alterations (to he hereafter 
particularized) be made in the orlops of ships of the line, and 
lower decks of other ships, so as to render these decks capable 
of being entirely eoveved with water. Another syphon^ with its 
inner orifice just above these decks, most be also supplied, for 
the purpose of admitting the water, in the event of fire. With 
these arraiigeaients, on aa alarm of fire, the orlop or lower deck 
may be immediately converted into a reservoir of water, which 
it is oonceired will interpose a complete barrier to prevent the 
oomnnmieation of the flames from ^ hokl to the upper woiks, 
or from the upper works to the hold. On this Jsuppositlon, if 
the fire should have commenced in the liold, by tlius preventing 
it from extending upwards, whilst the bold is being rapidly 
fitted with water, it ' n^U be shortly eicttngnished, with the loss 
of the vmks in the bold alone. Theinpertaoeeof thisiseoasi* 

derable, even in ships in ordinary ; but how greatly it in- 
creased in ships at sea, if it is considered that those fires, which 
are usually most fatal, might be thus, with great probabitityf 
exliiq;«i«hed, and the loss of many valuable lives prevented. 

Supposing the fire to have commenced on the decks of a sMp 
in ordinary, she may be sunk till the gun-deck is below the 
water's surfisice, and covered with water ; when the syphons 
should be stopped, taking care to ping iip the scuppers. Thus 
the whole of the ship below die gon-deck sills m%y be preserved ^ 
whilst the usual means are resorted to for saving the top-stdes. 
. In a ship at sea, under the above circumstances, Uie crew 
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•^uld ttkit to the boats and spars, and, whibt the ship is being 
sunk by the syphons, exert every possil^le means to preserve the 
gun- deck till it is sunk below the water's surlace^ and covered 
as described above. This deck, whea the fiie shall have hunit 
Mtf will answer the purpose of a raft; and if the pumps are 
uninjured (for which purpose every thing connected with theaa 
should be of metal), the crew may be able to get to the provi- 
siousy and in fayouraUe weather may^ perhaps^ in many ia«- 
stances^ be saved. 

The alterations necessary^ in the orlops and lower decks of 
frigates, must be now considered. In frigates and small vessels, 
nothing further will be necessary, than to have the comings 
round the hatchways and mast-partners of sufhcient height. On 
the orlop decks of ships of the line, besides the height of the 
comingSj a cant most be .find at the after par^ to prevent the 
water from flowing into the bread room; the wing gratings 
substituted by solid scuttles, and perliaps the plauk under the 
cable tier may be half an inch tbickerj to allow of its being 
caulked. Ships in ordin^ vrill also require cants to be fixed 
round those spacfs left in the decks for the admission of air. 
It is presumed, the expense and inconvenience produced by 
these alterations would be incousidei able. 
^ It would be very advantageous to have, at least, two athwart- 
ship bulkheads caulked with penstocks in the limbers, capable 
of being screwed down from the gun-deck; by whieht ^ flf* 
below would be extinguished moch more rapidlyj and with 
much less injury to the provisions and stores. 

The bold of a three-decked ship in ordinary, it is considered^ 
may be filled by sinking her not more than 5 feet 10 inch^ 
This space will dimiinsh with the class of ship : in .a lO^-gun 
brig, not more than 2 feet 3 Inches will be' requisite. It is 
manifest liow consideiably it will be diminished when the stores 
and provisions are stowed. A 74-gun ship, in ordinary, will 
raquira about 1300 tons of sea-water to fill her hold ; and, sup* 
posing her fitted with a syphon of each kind above described, 
this may be accomplished in less than two houis. 
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Art. XIV Remarks on Hie Rcmtancen of hluidM, By 
John WiLioifj Esq., 0/ tha Navy C2^lc«.^C<HitiaiMd 
ftmn Vd. I.^ Aft. XliVf. 

In tile applie«timi df the lli«ory of fht rttiiluwe <if iiM*, 

88 detailed in Vol. I., Art. XLVL, to solid bodies moving in 
vMeVj we cannot, by a process similar to that we used for air^ 
find what part of the total lauatanee ahouki be tak«i kn tto 
knfwMve, and wlutt fiart for the rttttfrtag re^tiMO; diere 
being no recorded experiments of the total ftditaliee of plaiie» 
of various sizes, moving in water, which there are of such planes 
moving in air. But, as there are many accounU of solid bodies 
flnonog ia wal0> wMi prnira forming mrkm angles of kici- 
deneo^te die dueetioii of their mocioii, ne titti endeanNW, fiwi 
them, to ascertain the proportion of ^ two resistances. In 
the first place, it will be necessary to j>oint out the difference 
which exists between the resistance of air aad of water^^ as 
appHcahle to olgeeta of navel aeience. 

When a plane pasaee through the eur, the retittuiee k expe* 
riences is, with the velocities incidental to the above limitation, 
altog^ether, or nearly so, on the anterior surface ; for such is the 
expansibility of air, that it will continue to press on the poe- 
lerior •urlm, wMi nearly a oonitant foree: iherefote^ tho 
ndnus pressure. In- this dement, ia so small, that it nay be neg<* 
lected without producing any sensible error. But, when a vessel 
is moving in water, even with a small velocity, it causes a de- 
pression of that element at the after part of the vessel, which 
ift^Keates, nnd hideed erhies ftons, the partial vacuity at that 
part, and, consequently, a lenpretaOio thatt ivhen tlie vessel is 
at restf hence the necessity of taking the minus pressure into 
account, particularly in such small bodies as are used in ex* 
periments*. 

• H appetni, from the Report pohBshed by the Society fbrthe 
i mpfofe ft e fl t of NanniJ Arthiteeliife, Aat soene thenaaads of 

experiments were made under their direction, on bodies of 
various shapes inoviag iii water; the results of which were com- 
municated in that publication* The horizontal sections of those 
which are appSieable to our purpose, are repreiented In Fig. 29, 
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where A, a, &c., are the foremost extremities^ B it tbt after 
.vttmiilfi «&d C 4b* miiliiiip iHMly s dib l«tl« |Mit<wii, In 
fen^lb^ 1iraa4tl% md dtpth^ Me foot* The miilumM tn m 

velocity of one knot an hour^ after deducting the friction, were 
at followt 
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When the motion of these bodies was reversed, nuiking the 
end B the foremost extremity^ and the ends A> Oy Oj and the 
aftor extremitietj the retistances were. 
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Angle of tlie 
afltraioil fittrondfjr* 
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Ibi. afoMipoit, 
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To ascertain, from these tables, the minus pressure, it will be 
fMCOttary to represent the resistamm by a cormi lino of auob 

^ natuMy lhal Iba <tf Ilia Im MUoa io «^ 

the aftar bodiea ki tka a(lior» ba ttol abama^^ aai tha va* 

tpective retioCaneet ba the ^riKiiatet of . thia ennra* Thit it 
shown, in Fig. 29, by the lines (/, which represent the resist- 
ancet given in tiie tirst tabie^ aad.£^ a^ thote given in the teaood 
table* Tha eondiictoia ol tba aaipanoleiito^ obootviag the ^ijr 
UUja diniaiilioii of tiiie retbcaiiae^ abtabad hy langthiaing im 
after body from 3 &^ to 4 feet 6 infibca^ coaciuded that, in 
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such a body, there was no minus pressure. But, if the ctirres 
of the resistances d, d, e, e, be examined, as far as they can be 
compared togetlier, and also the curves J and g (Fig. 30), it 
will be i^eratived that, by leiigtheDU^ the lore bodyi a ttill kas 
diminiition of the lesiataiiee takes place : therefore^ the imcin* 
sion the Society came to, must be eonstdered as without proper 
foundation. The probability is, from the comparison of the 
Gurvesy that when the extremity of the after boiiy was 19° lOC^ 
the mimiB preieiire was aomeUuDg greater than the pkw prea- 
Mire, and that, if it be taken at ,2, it will be very nearly the 
true quantity; which, subtracted from the resistances before 
given, will leave the plus pressure only. Now, if we take the 
impulsive resistance in proportion to the squares of the sines of 
the angles of incidence, and the lemoTing resistances as a con* 
stent quantity, we shall have, 
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As the forms of ships never even approxinuite to those of the 
be^es Arom which the forcfoing resistances are taken (the Urn* 
gitudinal sections of the former being bounded* by hat corves^ 

and those of the latter by straight lines and angles,) it will be 
necessary more particularly to consider the resistances to bodies 
whose sections, in the direction of their moHon, are formed by 
curved lines. These resistances we will take Iran the same 
vuhndble Report the others were taken from. ^g. 30 repre* 
sents the horizontal sections ; A, a, a, the foremost extremities; 
B, the aftermost extremity; and C, the midship body;;jraad 
the curves formed, as in the case of the angular hodie^ f^fne^ 
seniittg the pfa» and munis piC8Sore:/beuig that formed when 
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A, a, a, are the foremost extremitict; and g that vHifn the 
motioii of the bodies is meraed^ 
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rVom the results in the last column, it will be perceived how 
enormously the resistance is increased by a greater fulness in 
the after body of a vessel. 

from the sum in the third c<4ttimi of the test tabloi we 
subtract the minus pressure before determined on, and take the 
impulsive resistance for the fore bodies, calculated by the com— 
moil formula, which w ill be in the ratio of the numbers fi66, 
j41 7, and ,059, we shall have, 

♦ 
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These tesistanees come out as near to those given by the 
csqperiments, as ean reasonably be expected* 
' We will now apply these resulto to the experitaents of 
Bomme, who found but little diiSereace in the resistances 
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Wtween an met modkl of ft iMp of 74 ffm, vmA% an ft wait 

of one inch to a foot, and another model having^ precisely the 
same midship section and length; but^ instead the. longitu- 
dinal «€ctiaii3 bemg bounded bj fair conrasy they wete made by 
straight lines and angles, sfmilpr, but in diflWent propoMionPi 
to those represented in Fig. 29. A 74-gun ship's midship sec- 
tion is 800 square feet, and her length 180 feet: these quan- 
tities, reduced in proportion to the models, wiU be 5^55 squnre 
feet for the areas of theitr greatest transverse lectimiSy and 1^ 
feet for th^ lengths. The form pf the lon^tiidlnil li^dt^^pliNrf ^ 
74-gun ship, the model of which is the one w«will*bi|ghi<idllk, 
is nearly that of the parabola given in the last table, 1but a little 
fuller. We will, therefore, take the impulsive resistance at ,04 s 
tinS| tDntnpiteci oy 9^9^ tne area oi tne miosmp scewm^ igfves 
^222 fot die resistance due to the .impure the cube of the 
square root of 5,55, equal to 13,2 multiplied by ^14, gives 
1,848 for the removing resistance ; making a total, for the head 
pressure, of 3>07* To find the minus pressure, we mu^t com* 
pare the resistance sjiown in the last table but. one, when the 
ftfter body was of parabolic form, to that In the first table, where 
the after body was wedge-shaped, and of an angle, at the ex« 
tremity, of 19? 10'. Now, as the fore bodies of both are the 
same, the difference, ,04 lbs., subtracted from ,20, the minus 
pressure of the after body, with its extremity of 19? 10^, leaves 
1 16 for the nlm» pressure of the after body of tiie parabolie 
form ; which is nearly that of the diagonal longitudinal spections 
of a 74-gun ship, in the after body : tliis quantity, multiplied 
by the area of the midship section, produces ,888 for the minus 
pressure, which| added to 2,07| the plus pressure, gives the sum 
0f 2,^8 for thti* (total resistance* Th^ frictibii may be ne^ 
glected, as it is the same in both models. We will now com- 
pute what resistance the other model ought to sustain. The 
half length of the ship is 90 feet ) the mean of the half breadth 
and depth of the ship is 22,5 feet nearly : therefore, the square 
of the sue of the angle of incidence is to the square of radius, 
as ,0625 to 1 ; giving the relative proportion for the impulsive 
resistance, between the fore body of this model and that of the 
fore body of a pacaboiic lorm, as ,0625 to ,059 : this will give 
for tlie tfl^kuWve MsiMaee, ^19 «inltip^ by i^^cfwi 
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tp 5IO5 i which, added to the removing retlitatiee, 1|848, be* 
hte fowad for the modd of tlie 74-goii sUp, ghci a totals for 
the head pmme, equal to 1,953. The after hady of thUi 

model being wedge-shaped, and of a meau aiigle, at the vSttrn, 
of we will take the minus premre at which^ multi- 
l^lied by &fi5y prodiices ,999 fat the rnimia pino wB } and thia» 
#dded to Ifiip, gives 2,952 for the total reeUlancc, ^'inriding 
with the Computed total miitaiiGe for the model of the arrenty- 
hur, as nearly as was ever obtained from two experiments, even 
on the same inodeU From this investigatiopj it appears thaty 
Vy taking into coaaideratioii the removing icaiaUiice, ^loie 
#xperi«iibnt8 0f Ronmei which have hithefto beett thoiight 
inomatica in iMival arehiteetvre, are fairly aeeoimtid fer. . 

The next application we shall make of these tables will be, 
|o ascerti^ the resistance which a frigate of 46 guns will meet 
Ivith in her progress through the water, and compare it with the. 
power of the wind on her anils* To do this with n due rcjtard 
to correetnessi it will he necessary, in order to tnd the impt^ve 
resistance, so to divide the fore body by transverse and horixon- 
tal sections, placed at such equal distaiices apart, that the part 
^f the surface of the body between oneeecUonand thenesumay 
be ciHisldered aa a phuie» < This vrill be nearly icconpliahed by- 
making the tfaus i w ee aeetions 4,9 feet apart, and tlm horiaontal 
ones 3,2 feet apart. The usual method is, to divide the trapeziums, 
ibrmed by the horizontal lines and transverse sections the; 
lore body of the shipi aa icpresented on the drangbti huto twa 
trinnglfa J but aa we can arrive at the same degieeof aecnmcy^ 
and with little more ^an half the trottUe, by nmaauring the^ 
trapeziums instead of the triangles, we will, therefore, adopt 
that mode of proceeding; the results of which Are pootained in. 
the fottewing table 
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Sqoiirr if the 
8ine of the 
Angle of IncN 
deuce I divided by 
the Square of 

flu- K.l.Tl,.?. 



Pro<lnct of the 
and 4111 ^ 



Mean Breadth 



Trapr/iun!. 



1 
2 
3 
4 

.# 
7 



2 
3 
4 
5 

6 

.7 
8 



Total.... 



6,5-1 

4,4/ 

3,0 

2,1 

1,« 

1,1 

,7 

.5 

_M 

20,0 



3,3 

2,3 
i,6 

.5 



,310 

,041 

,026 
,013 



I 

5 

i 

e 

7 

8 



1 
2 
8 

4 

5 
6 



Trapeziums between the 2d and 3d bcNrisootal Lines. 



0,05 
,54 



9 



2,51 

3.2 
2,4 

1,9 
1»4 

1.0 
17,9 



2,5 

1,9 
M 

1,2 
.9 

5 



Stem and I 



Trapeziums between the 3d and. 4!tli iMHriioiitil lipat ' • 'jii 



I 
2 
S 

4. 
5 
.« 

7 
« 

10 



2 
3 
4 
5 
6 
7 
8 
9 
10 

e 



2,4 
2,3 
2,0 
1,8 
1,.-. 
1,1 

1,0 

J 6,2 



1,9 

1> 

1,4 
1,2 

1,« 
.5 



Trapeziufus between the 4th auU ^tli h«irizuiit«ii Lines 



Stem and 2 



3 

3 
4 

5 
6 

7 
8 
9 



3 

4 
5 
6 
7 
8 
9 
10 

e 



1.01 

1,0/ 

1.3 

1,4 

1.3 

1,4 

1.4 
1.3 
1,0 
1,8 

13»0 



1.0 

1,0 
,9 
,8 
,7 

,7 

,4 
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Stem and 3 


^\ 




,010 


,010 


3 


4 






4 


5 






,010 


,004 


5 


6 




.5 

>** 


010 


.005 


6 


7 


i ' 




010 


006 


f 


8 


,7 


,4 


,006 


,005 


8 


9 


,9 




,000 


,005 


9 


10 


,9 


,4 


,006 


,004 


10 


11 


»9 


>4 


,00o 


,004 


11 




2,2 






,000 


Total of the 


M 




♦ • t - 




mean breadths 








of thetrape- 






ToUl of the 




nbniB*. 

J •„■ 




75,3 


1 


prodttdt.**. 





If the Bum of the produ^ in the last cohiimiy whkh are the 

proportions of the impulses, be divided by the sum of the mean 
breadths of the trapeziums, we shall have ,101 lor tlie ratio of 
the iinpulsi\'c resistance. By referring to the last table but 
one^ we shall find that, when the ratio is »666, the impulse 
18 ,23 : therefore, at ,101, it will be ,035 ; this number, multi* 
plied by 505, the area of the midship section, produces 17,^7 
for the impulsive resistance j 505, raised by the J power, is 
11362, wliich, multiplied by ,14, w\\\ give the removing restst- 
ance 1590. The minus pressure is 505 x ,2 = 101,: there- 
fore, the total resistance, at the velocity of one knot an hour, 
exclusive of friction, is 1709, the sum of the three resistances. 
This frigate, in sailing large, with a strong breeze, attains the 
velocity of 10,4 knots an hour; and as the resistance is as the 
square of the veloci^, at this rate of sailing, her plus and minus 
pressure amounts to 184572. The friction on a square foot of 
surface, at the mean draught of water of this ship, and moving 
at the above velocity, was found, by the Society for the improve- 
ment of Naval Architecture, to be 1,02; this, multiplied by 
8100, the area of the surface of this ship's bottom, equal to 
8262 ; . and this sum, added to the plus and minus pressure^ will 
give 192824 for the total resistance, at tiie velocity of 10,4 
knots an hour. 

We will now see what the force of the wind amounts to, on 
ike sails actually set in this ship, sailing free^ when ohe had 
attained the velocity before mentioned; The calculation vAW 

be performed by the rules given in Vol. I., Art. XL VI. The 
sails, being braced to an angle of 82° to the direction of the 
windy and of 26 • to the athwartship line of the ship. 

o 
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NwBft of Um Saiit* 



Fore-course « 

Fore-topsail ...... . . 

For««top-gaUuit-tail 

Fore-ruyal 

Main-cuurse 

Malu-topsail ...... 

MaiQ-top-ratlant'Mil «. 
Main-royu •••• vm*** 

Driver 

Mizen*top-sail 



Areas of 


Efforts of the Sails. 


themui»m 








loipolsive 


Rtmoring 


Totel 


iqulurefeet. 






lUsisttnce. 


Riiittaiice. 


Rnistane€» 


3353 


2000 


49*100 


51500 


2ii76 


1710 


39100 


40810 


985 . 


SM 


7660 


8249 


373 


220 


1820 


2040 


M0^>3 


J840 


43400 


45240 




layo 


29000 


30390 


1374 


750 


11440 


12190 


477 


280 


2660 


2940 


1715 


1020 


18000 


19020 




550 


7120 


7670 


4M 


m 


S7d* 


JM 








223060 



irhis sum^ feduced in the proportioii of radius to the sine of 

the angle which the yards make unth the longitudinal axis of 
the ship, will be 200480; which is very nearly the same as 
computed for the total resistance of the ship. 

NotwithstandiDg the results of the calculations have proved 
so satisfactory^ it is probable that the numbers which have been 
assumed for the impulsive and removing resistances are some- 
what inaccurate. Indeed, perfect accuracy in the computations 
of the reidstances of fluids can only be expected wheu experi- 
ments are conducted^ not only by able and scientific men^ but 
on a magnitude such that a government only can command. 
And what government so proper to issue such commands, as 
the one which presides over the energies and resources of the 
greatest maritime nation in the world ? 



Art. XV. — Notice of ' The Complete Matfimaticgil on^ 

• » ^^^^ 

Of the numberless advantages wliich the useful arts liave 
derived from science, perhaps the greatest is the power of 
directing, on the trackless ocean, the mighty fabrics bMie^ 
4ts b^sotaii with «tftakity td their destinatkAK It n a proud 
and highly gratifying eonsidem^it t6 th« «ilr6niMii«r, tiM' tte 
discoveries made iti his retirement are of the greatest practical 
Hdvantape, in some of the most important circumstances of 
nctive iUe; that, while resting in the eecutity ^ the laad:^ kb 
has reduced the «btigm€riiftvfgaii«glli«MMft, - 



Digitized by Google 



PtoHing as il is to admire the abstract bcaaty af tlie disco* 
wiss of the philosopher^ and to fblkvw his investigaltoni 
thtoogh all their ititricacy and research, the value of his labours 

18 more fully estimated, wheu their results are rendered appli- 
cable to professional pursuits. For general use, it is necessarjr 
that the Sciettttfic rentlcs of discoveries be embodtad in easf 
piaclMal nilss^ wluefa may be readily applied, by aiithmetieal 
calcidatioflM, to the determination of any particular object 
required. To f'a(nlitate the arithmetical operations, aiul to 
reduce the probability of errois in them, it has been found 
iH^Uy advantagaam to form taUes of the results of sncb «alcii« 
ladflftis; aa ate commonly involved in the appUca^n of thes^ 
rules to llie solution of particular questions. 

In nautical astrouomv and navigation, tables of results are 
absolutely necessary, to render the observations of the mariner 
oapMa of immettiate praeticai use. This seienee admits off 
and re^oisesi more numerous tables for general use, than any 
other : indeed, many of the simplest and most useful operations 
in navigation are rendered practicable at sea, only by means of 
•uch ireferences. The numerous works containing general navi*. 
gatlon tables ham gradually been much improved and enlarged^ 
till they are* at length, arrived at great general effiolenisy | thu 
subject, however, is so dependent on future discoveries, that we 
ate unabie to limit the imiu ovement it is capable of : it is of 
such practical importaufiCj that every new or improved table 
aRd:riile> which in any way giw fsdlity to the marfaier» merits 
our attention and gratitude. 

The work of Mr. Kerigan comprises two Volumes : the first 
giving the description and use of the tables which form the 
second volume^ with their application to navigation and nauti* 
cnl aalrdtoottiy* Many of tte tables ate ahranged in n mora 
convenient manner tlum. hto been hitherto done» and soma of 
the tables are new, and they are generally adapted to the best 
methods of calculation. In some of these tables, the results are 
carried to the utmost limits of every possible case ; preventing, 
•Skml^f tho necessity of a cakulation foa oorrection^ which 
f hhn nf a less extent may occasionally require. 
• In Tables XIII. and XH'., the equations to equal altitudes 
€f the sun are adapted to proportional logarithms, by which 
-tbey mtt madi aiofdifiid* The author axpresiea a hpp<» tha^ 

o2 
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l)y their meaiM, '^the truly comet and excellent method of 
finding the error of a watch or chronometer^'by equal altitudes 
of the min, will be brought into more general use.** The eor^' 

rection of the auxiliary angle, in the olosei vation of the moon's 
distance from a planet, is given in Table XXI., which is very 
uaefol in finding the longitude by the moon's central distance 
firom a planet. As it is intended to give, in the Nantieal 
Almanacs, the mocm's distance from the planets, the eorreetimr 
of the log-arithmic difference when the moon's distance from a 
planet is obse?ved, which is inserted in Table XXVI., will be 
yery useful in computing the lunar observations. Tlie genentf 
timvefse table. Table XLIi., is very well arranged : it obnMW 
the inconvenience, frequently felt, of having to refer to twor 
tables in finding the difference of latitude and departure corre- 
sponding to any given course and distance. Table XLfV, eon- 
tains the mean right ascensions' and declinations of 236 of the 
principal fixed stars, adapted to the banning of the year 1824,' 
arranged according to the ^ order of right ascension in which 
they arrive at the meridian. The eighth column of this table 
contains the bearing, and the true spherical distance^ of an 
adjacent brilliant star | which facilitates the method of deduce 
Ing the latitude from the altitudes of two fixed stars. The last 
column of the table contuns the annual variation of the true 
spherical distance ; by w hich the tabular distance may be easily 
altered for a future period. Tables L. and LI. are computed 
to oiable the meridional altitude of the sun, or any other ces^ 
lestial object, whose declination does not exceed 28 degree^ 
to be obtained, within cert^n intervals from noon for the sun, 
and fi'om the time of transit over the meridian for any other 
celestial object, when the observation cannot be taken at the 
time of the object's coming to the meridian, which frequently 
happens at sea, by the interventkm of clouds. They are 
adapted to proportional logarithms, which renders the operarion 
of determining the latitude verv simple; while it is more cor- 
rect than by the troublesome method of double altitudes. 

' -The principles of many parts of the science are well illustrat* 
ed. The illustration of the augmentation of the moon's semi«- 
diameter is very perspicuous : its variation as the sine of 'the 
angle cont?iined by straight lines drawn fioni the moon at any 
altitude to the extremities of the distance representing the aug- 
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meotation of the moon's semidiameter ttiim ln the zenith^ to 
the rmdms equal to the distaace from the moon to the centre 
of ^e earthy is correetly given^ although not proved, 
deed, the Mthor profeiiee rsther to give illmtratione of the 
principles, tliaii strict proofs of jjroblems by mathematical in- 
vestigations. We consider^ however, that the author might 
very advantageously have suhstitated selentific investigation 
for several snhjects eontstmd'in his work : such as^ gtiniiery, 
gauging, and particularly the problems in the Appendix,- oa 
com})oun(l interest and the present worth of freehold estates ; 
which, however useful, cannot properly be considered as be- 
longing to a vrork on na vi gation and nantical astronomy. 
An ingenious ]»roblein is given at page 37 !> comiminicatcd to 
the author of the tables by Captain W. F. Owen, for finding 
the true latitude of the place of ol)sen atioa, having given the 
latitude by account, the true altitude of the sun's centre, and 
the ^parent time* The peculiari^ of this method is, that the 
ohiervation may be taken at any hour before or afker the sun's 
transit, as it does not require that the interval from noon should 
be governed hy the object's meridional zenith distance. This 
method, however, requires the apparent time to be very cor-^ 
teetly known, particularly where the sun comes wy tnear the 
aemthof the plaee of observatbn* 

. Mr. Kerigan explains, very clearly, the method of sailmg on 
the arc of a great circle. Its advantage iu long voyages, where 
no causes prevent its adoption, such as particular winds, or the 
iatc^niptioa of land, is Tery considerahlo. The shoitest diitnuaa 
between any two pointa on a sphere is evidctttly the arc of a > 
great circle passing through the two points. The course in 
the loxodromic curve^ or rhumb line, can therefore never be 
the shortest distance between Jtwo places, exc^t tliey lie in the 
same inandian^ or in the equator* The pro|^rty,of , the rhumb 
line is^ that it always.makea the aame; angle with the ineridiani 
so that the course remains the same, when a ship sails by this 
method. The course on an arc of a great circle, except under 
ameiri^i^^i^ under the equator, is continually changing ; but^ 
as this is. inconsistent with, the practice of sailing, as many 
points are fixed on, in the arc of the cbde^ as may be thought 
necessary for correctness, and their loi^tude and latitude de- 
termiiied, with the respective courses and dis^ncc^^ between 
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.them. The author gives two examples at length : the tfBe from 
-the Cape of Good Hope to New South Wales | ami Um otiMar 
iffoiii.Part Jaeluon to Vaipaisko* The Utter was the lente «f 
Ht9 Mijettjr'e Mp Dmwidemf eemnwaded by Captain G. C. 
Gambier: the alteration in the course having been made at 
every five degrees of longitude. " The sum of tlic several dis- 
taoeea^ {Measured ea the respeetive rhumb* lines iutercepted 
betiPeen the aueceaaive loigitudee tmd iatimdtii ie 610^73 
inUei; bat the tnie spherical diataneei od the are of a gnat 
circle, is 6107,87 miles; the difference, therefore, is only 0,86, 
or a little more than three -fourths of a mile: whidi is a very 
.close approximatkm lo the measure of so great an arc. The 
distance hj Mercitoc a aailii^ ia 682^^6 .a|i)i^<,||(|i«Jlr 4$ 
745,29, or ahont 74^ tnilea, mon than by great cbdle saUini^/' 
Wc shall have occaisiun, at a future time, again to refer to this 
.work, and to speak of the correctness of the rules. 
' The work of Mr* Kerig^ is a miluable practical mmk, weil 
adapted to the preseat gtaeral atate of kno Wla J go « ioli^p f o iti 
'akmal am ; but, at the same time, it it to be re gret t ed that tike 
knowledge generally possessed by professional men is not of 
that scientific character, as to render works on navigation 
neeeMaiily of a higher order. Inttead of rake being givtn j^ 
an authorj the truth of which rette on his aeeamptioPi atehied 
by \m *t!kBtratioae| we eoheider' it meet deeiratde, that those 
who use the rules may know tlu ir truth, by a full acquaintance 
with the principles on which they are founded, and by an ex- 
awinatiim of their prooC S«wh a degree of knowledge^ 
vohiago oonaidmUe acquaintance with aatroMnj and mathe- 
matics, we consider perfeetlir within the iiadti most 
* professional men may attain, consistent with the execution of 
all other professional duties* It may be object^ that the 
datiee of a nml life require n ymy eaily adawaaiw to ita 
.fmntiGe; that boya nraat neeaeaanlf laHMpdah, at a mry 
early age, the ad fantages deimd from education on shm^ $ and 
that, even in those cases where the greatest attention has been 
^paid to their professional education, they are frequently Ibond, 
«tn mare ndraaoed age^ to rcstain bnt Uttfte of tlial; luowW^i^ 
laphieh m»t ham been Ibo haaiy|i obtained Ho possess generdly 
any great pemanbntadfantage. A covrse of studies on shore, 
>fcdh>wing the present prcifcssuuiai ediM^ation on boar^ abi|^ at 
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an ^^i} better prepared to appreciate it8 value, ^vould tend more 
to raise the scicati^ luiowledge of ti^val odicjers^ any 
o oM— of siwiici, «i All enrljr pcimmI of life, could po6«iW|r 
; In. mmt ffvimriiomh At wthoin of cUa^enM vnd 
improvements in their theory^ ao wdl «i pmctmy am tbyni 
generally in the ranks of their respective followers : we can see 

90 su^&ekpl jrmoa why (bii &liattU ml m yiwiJ, «» 

1MI ai in 0tbmrf9ii»W» 



Art. XVL — ObservaUom m the Forces which ad on a Skip 
when in Motion^ om U»ey affect her Ardency f vriih a mm i» 
dt lmm i m ii g ikt torrid Paiiikm »f ik$ JiSatU* 

. bbonia of tho wwjrous mes of ^pience^ wI|o have 

devoted a portion of their attention to the different firoblems 
embraced in the Theory of Ships," have left but few ol its 
abstract })rincij|^to uniavestigated. Most the properties of 
8bif» liaye imgk exiunioodf aod tlus laws on whicsh thiey depend 
olwly difined, either by thf aid of matbenatical demonatra- 
tion^ or by induction from experiments ; but there are some 
questions, which, thou(?h scdved in theory, still depend on the 
faauks q( jphysical expeiimej»t Ipr perfecting liieir practkai 
y|ilka|ion» In faet^ the elenenta of naval conatniction nuiy 
be idaved in two diviaioni ;*-*thoae whicb are aoJely dependent 
pn known laws of nature; and those, of which the solution re- 
solves itself into laws which are yet imperfectly developed. 
^ The fi^4ivi^on emhraeea by £ir the grealer part of those 
funnciplii^ on wbieh tii» noat eateniial pncifeitiee ships d^r 
pend ; ai^ tl may nov be aaid^ that the pdneipal 4iiflBieiiltiiii 
pf these are surmounted, and are familiar to the naval archi- 
la^i these arj^ alone, su&cieut to enable a constructor to 
AMire tbfi attainments^ a certain considerable dc^ptee of 
49ml]MBytt>hiaship; to giie i> ju fp o ndpiw ic e of any peen- 
jiar propeftyi to disoover the eanaes of any bad qnality, and 
to obnate its iiijuriou^ tendency, by an appropriate remedy, 
^n facty tbey are enough to '^direct and limit the variations 
fCtmXf fliay udAy be made in tbo models at present in ^j»e, and 
^pnie bim in the drav^t^f nevf on(M^ suited to tbase efaangna 
,m the Ibrc^ m^ m^jo^t^e ^S,i\y^9^^ veiM^ wbidi 
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are cotitimially making: in the strife between the nations of the 
civiiized world/' ^ bhouid the science of naral architecture 
nmr make'lurtlier progrew than this, k lims erid«iiUy arrhred 
at a state of perfection, that will enaUe the pmraer of to 
keep pace with the wants of mankind. 

The element's which mav be classed in the second division 
coQBisty ahnost entirely, of those which are dependent, in a 
greater or leas degree, on a knowledge of the nature and laws 
of elastic and non-elastic fluids : this is a question whieh hn 
hitherto baffled alike the researches of the mathematician and 
the experimentalist ; but, from the analoo^v of discoveries in 
other sciences, we may safely assert, that even its difficulties 
must be eventually surmounted by the patience and labour of 
the inductive philosopher* Not that the perfect solution of the 
problem is really of the importance to naval architecture which 
it is often :is^erted to be, and which tlie apparent intimate 
connexion of the science with the knowledge of fluids would 
sanetiim the belief in; for, of the elements of the cdnstraction 
of ships which appear wholly to depend on tlilii knowledge, 
some are restricted by considerations which are quite foreign 
to Its applifcation ; and thouc^h it maybe a desideratum, in the 
determination of other elements, the diihcnities which arise 
from the want of it, only require' to be' fully known and 
derstood, to be,- if not* alwolutely theoretically sohed, at least, 
firom the eolleetion of Imets^ from expei iment, and from ana- 
logy, so far overcome, as to leave nothing to be desired to com* 
plete their practical utility. 

The form, of a ship's body need net necessarily remain ioH 
perfect, heeanse the curve of the solid of least resistaice is 
miknewn ; sin<» enough has resulted from the consideration of 
the nature of that solid, to prove that, however it might pos- 
sibly be applicable to the navigation of smooth waters^ the 
perfect solution of the proUem'eould only be generally desir* 
aUe .tothe nsTul arehiteet as contributing to the ili^oretic 
perfection^bf the science^ and would add hut little to its prac- 
tical utility, in its application to vessels which must encounter 
the tremendous powers of the elements, in the open seas; 
where e:xperienee must hourly show, that a ship cotfetrueted 
widi the bow and tern wlddi is recognised as^ at-least 
new-ly, approximating to the solid of ieaat rebistance, would 
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W mMft to wkhstMd the vkileiiee of die dMki af tlii 
moHofi of pHeliiiiif, or af the wiiTn; or, conM she do so, 

would necessarily lost^, by the additional resistance resulting 
from greater ioimersion, every advantage which might other- 
wise be anticipated. Neither can the exaet posltioa of th# 
||i«atest seelaon be a queetion of theoretic liieetiee^wlm 
capacity, and the adjtietmeiitB of form, neeesaery to the eicigcn* 
cies of modern warfare, and the advanced state of navigation 
are considered, which not oniy require a ship to be eilective in 
all the materiel, and for ail tlie pvrpdeee^ -of WKt, when first Uom 
the hands of the erchlteety but to be equally so, after long 
pertode have 'efaipeed, and seas hsrve been havigated. On the 
other hand, the comparative fulness of the fore and after hodies, 
the position, rake, aod proportion of the masts, the adjustment 
and shape of the sails, .the bradng of the ]rards, and many i^ier 
queathms intimately eonneeted with tbt reeistanee of fluids^ 
May, and wilt eventually, be eorreetly determined by compari- 
son, exjjcriinont^ and induction, guided by the knowledge of 
those principles of science which are involved in them j aiid 
frilhout sueh knowledge, to enable ue to certify the eorreotneia 
of the eonehisioos whieh may be dnwui both experiment and 
eompaneon must be as useless to this, as, under similar eireum^ 
stances, thev ould prove to any other branch of art. 

Unfortunately, the preliminary studies of the naval architect, 
being principally mathematical, are so uninviting, and the pur- 
amt of thtm is so labotioue, thai hut lew eMier ean or wiU bn 
at the pains to investigate their final utHlty ; and as chance on 
some few occasions, inductions from a tedious experience on 
others, and more frequently the results of observations on ships 
hwlt<by men of science, may have produced good ehipet* the 
^ueetiaa -is fircquentiy too haatily deeded, that, aa sh^ poe- 
eeesing mare than an avi^age of good quaUtiee havie been pro-* 
duced without scientific study, therefore science cannot be 
available to tlie advancement of naval architecture. This, 
however, is noc the fiur rmuit ol tha inquiry. The following 
qpi#(a«ion,< Iran a vary aUe paper en .tha " Theory of Shqia,'* 
in a contemporary foreign periodical,' may strengthen thie 
assertion, as the writer of the article is evidentiy well ac- 
quainted with his suljiiect, and bis opinion is therefore propor- 

' ' " 1 — ■ — 
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of scientiiic inquiry, iii this important branch of the uscdil arts, 
•that thoie iiationa who have beeu most rea4y U»>iKk>pt» i^i prai:- 
Xiee, the MiggeHious of aeieiice^ have uuformly possessed shif|s 
4hr iMMft m i to d for aailiag and fightingf and th« ka»lJ«Riilr> to 
4lia 4aiigepi of thB sea. Of this we have a nmt »aiiK«l Hhia-' 
traiion, in the Iujij; contest for naval supremacy between France 
iUld £tiglatui ; the former nation having, from th^ dose of the 

^ of Hearty down to that of the Aaieocan mt^lMM 
idia' flaala «f fii^hnd, aod reaped all the admitagii mM^b 
4W00ld:have flowed from actaal vactoriea, by the superiority of 

iheir ships in igpeed^ and red<iine*>s of inaiui uvre; nor was this 
.advantage loit» aijLcept by an entire cliaj^^ in tlie ^f^teWirpf 
mmk lie«io% which <liiniiushed, for the mowM, ctbs iafliport- 
imm of those qualities, ainl brought into pli^ the wf^^mi/imA 
seaman-ship of the Eii||;lish. Throuf^hout this period, we cou*- 
stantly hnd the French, after doubUui engagements, in wldch 
ithe apparent honour rather inclined to the side of th^-ap^miTf 
litrnkiai^' the seMaaat blows upon the ikitiah coloaiea and mmr 
jnewwj and it appears now to be admitted, tbat» iuiA the^My 
4aetiea been fully understood and anticipated, and beew met 
with a corresj}()nding chane^e of disposition, the advantagei* 
they derived &om tl)e structure of tiieir vessels itti^Ut^stiU hiffie 
.he^ maintaiaed*'^ 

The Spaniarda hwtoted the Freucb, in^ applkation ^f 
scienee to their naval affairs; and thus, in the wars of the 
French Revolution, their ships were remarkable for a combina- 
tion of all the good qnaiitiaa both of French aud fio^hiti naval 
.aiiiiitfchiWb «f vhieh thtf mmmi tfiarliabli iHmiw it to he 
JNumI iai tU HaaiiiaNia TMaidtda^ a ahlp #f feur dteeka, min^ 
•mg vast force to speed and stability, and built at a time when 
^le French had almost abandoned, in despair of success, the 
eouatructionaf ships evaa of three decks; and wiM SeiglMb 
.iUpis of ihe wtmi toto weve so dsiwiwrip the naceimty 
•liliaa,Mto b^bytM>utoaiM a Cvr mteh Smt tha laiger dbai #f 
French two-decked ships, uader equal circumstances of ci^ 
and officers.'* 

Aitlioiigh these vamaihs exaggerate the advantages lofatoHMKi 
•hr the Fmtmk, «e must laaiottbtodly admit thet thaie imw 
maiiy inatanc^ hi. whidi the exoaUeudea of their abipa enabled 
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^ihem to avoid engagements where disadvantageous to their in- 
i)terests, and greatly to annoy our colonies and commerce. The 

• inferiority of tiie qnalitics of our ships, was also much complained 
f jof by many of our naval commanders. In a letter from Sir 
sXieoi^e (afterwards Lord) Rodney, dated May 3 1st, 1780, to 
^Alr* Stephens, the Secretary of the Admiralty, is a passage 
k which proves, in a remarkable degree, the truth of the above 
vfitatement. " Nothing could induce them" (the French fleet) 
i *' to risk a general action, though it was in their power daily. 
^ They made, at different times, motions which indicated a desire 
li>f engaging, but their resolution failed them when they drew 
f near ; and as tlieif sailed far better than his Majesixjs fleet, they 
I with ease could gain what distance they pleased to windward." 

The following remarks extracted from a late article in the 

* Quarterly Review, on " De Roos's Personal Narrative in Amc- 
fTica,*' appear so little to meet the (juestion of the advantages 

» to be derived from the application of science to naval archi- 
t tecture, and, in our opinion, are so much at variance with the 
- he%t and dearest interests of our country, that we cannot refrain 

from offering some observations on them, 
i It is remarked, in this article, — " Much has been said 

♦ respecting the application of abstract mathematical science 

• to naval architecture ; and long and laborious calculations 
have been made, to obtain those fine flowing lines, on 
which the stability and velocity of a ship are supposed to 
depend. With all due deference to such names as Bou- 
guer, Bernouilli, Euler, and Don George Juan, while we ad- 

t mire the ingenuity of their theory, it will be seen that, with 
t the exception of the last, they had little acquaintance with the 
» practical effects of the action of an agitated sea on a ship. We 
» cannot think there is so much art or mystery in the craft of 
. ship- building, that is to say, in the construction of a ship's 
I hull, as is generally supposed. The recent trials of what was 
called the ' experimental squadron,' have, among other things, 
tended to confirm us in this opinion. When we find two Cap- 
tains in the Navy building ships, without the smallest preten- 
sions to science, and one of them, at least, unable to draw a 
draught; and find Sir Robert Seppings building, not from 
science, but obsei-vation and experience — when we see those 
built after draughts prepared by Professor iumauy ou scientific 
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piindpks (and no aoc diqMMi the exiat of Ins seaiiioe)^ and 
wlien It is fonnd on trial* that their mpeettfe quafiiiin are ao 

nearly balanced, that every one prodaima his own the best, 
and the Admiral who accompanied them will not decide — we 
eonfess that we see no great reason ibr asserting the superiority 
oC eeienee over cooHBOti acnee and praetkal observation. Wiien 
we leeollect, too^ thai the late Sir Wiltian Rule, who* to<iise a 
homely expression, worked only by the nile of thumh* planned 
Kiul huilt the CaU'donia — a ship which, for beauty, strength, 
stability* stowage ot provisions, birthing the men, quick sail* 
idgy'and easy working i in short* for every practical good qvaA 
litff has probably not her equal in the worid-^we nnal heaitaae 
beibre we assign the palm to abstract seieAee, ♦ * m m » 
" If the result of the trial- ships, to which we have alluded, 
should not be deemed suOicieat to carry us to this conclusion* 
the ease of the Barfaam will, we think* decide it» This ship 
was one of those seveaty-foms to which a gallant Admiral face- 
tiously gave the name of the^'Forty Thieves*' being built of 
green timber, in merchant yards, but on wliat was esteemed as 
a good model. She has recently been cut down from a two- 
decker to a frigate^ of couise* by the removal of a deck and " 
apper works* and of about twenty of her guns* she has risen in 
the water, and presented an entirely new line of floatation, some 
three feet lower than before. Here, then, her bearing on the 
water is totally changed from that line which was calculated to 
be the only tnie one for stabilily and fast sai^og j nor is this ; 
att: this holly so reduced* and so much lighter than befoti^ 
retains her- original masti and yards, the former of which are» 
of course, about ten feet higher out of the honsingy or above 
the deck* than when she was a seventy- four, and her lowes 
sails deeper by t^n-feel than hsf<Nre-*yet, with all these cban^psai 
wl|ich* we think* it would he difficult to aaoribe to any leMt 
of mathematical principles, her sailing;* and all other qualities* 
are reported to be essentially improved. 

The French ships are generally acknowledged to e?^l ours 
in* the beauttfol hues of their hulls* and to beat us on-^inoilf 
poims of sailing ; wid we have very often endeavoured to in(dr« 
tate thesi, by building on the same lines, but they have rarely 
answered the good qualities of the parent-ship. Nay, more| 
it is a common observation, that, if two ships be built from the 
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MNne ^ught, witli die sane •cimliiigej «ad by tlie mm 

builder, their sailing qualities are never alike. To uhat, we 
asky can this be owing^ but to the ditlerent disposition of the 
masts, yards^ Mula. ballast, trinii end to the d&fference of 
ikiU in the eommaiider?'' 

The opinion escpreteed In the eemnieneeMent of this ^qwotiH 
tion is evidently founded on a mii>takea notion of the manner 
of the application of science to Naval Architecture, and, there* 
lofc^ akhongh the names of some of the principal smim ate 
freely qjaoted, and their works are mentioned, it ia douhtliil if 
they haive reeeived the stndy and attention which was esso^ 
tially requisite to authorise so sweepint^ a sentence against their 
practical utility, it is true^ Don George Juan is the only author 
among those mentioned who was acquainted with the prae« 
tieal effiecta of the aetion of an agitated sea on a ship ;'* Unt 
instead of the possession of this knowledge having convinced 
Iiim that science was not available to the " construction of a 
ship's huli^'^ we had that, of ail writers on " Naval Architeo- 
tnre,'' he has heen the most persevering, and has probably^ 
more than any other, deduced Irom abstract mathematlesi 
science/' and long and laborious calculations/' principles 
useful alike to the naval architect and to the navigator. 

With regard to the recent experimental trials, and the a$e 
whieh is made in this article of the results of them, it is much 
to be donbted whether the results so obtained eao be depended 
upon, and whether, by the means of such experimental cruises, 
any correct character of the ships which composed the squa- 
drons CQuld be obtained. But tliis is a question of too volu- 
muKms a nature to be decided here \ however, from a per- 
sonal observatioo, and considerable knowledge of those trials, 
we have not the slightest hesitation in saying, that the clia- 
racters which several of the ships that composed the last squa- 
dron, will bear in tiie navy, after they have heen on various sta- 
tions, and under various commanders, will difier most materially 
from th6se with wluch tliey, according to public rumoui', re« 
turned from the experimental cruises. But to return to the 
quotation. Surely, "abstract mathematical science " must be 
appUeahle to the purposes of naval construction, if Professor In- 
man, a man who has only studied the appHeation of science to 
nanrid nrehileetttre, beeaiM it became, by dreumManees, a 
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IpMh^ criP Mi St^y liMr lic€ii AiAlifid to prondiff^c tl ^Niiiil 
structed on ^ sctentJfic principles," vih\ch cooM compete witlfj? 

in the opinion of ail, and e?ccel, in the juil^iuent of some, those 
designed by two as able and intelligent officers as the Navy can 
produce, and who have confessedly made th^ mifcject of th6^ 
eortstrttetkm and management- of «htps, the principal porsoit of 
their lives : and, with ships constructed by a man of sudi higf!^ 
and deserved, eminence in his profession, as Sir Robert 
pings • trhether the knowledge of principles hy which be is 
gulded^'be Hie reenlt of abstrtuit stndy, or of ^obs^sfMMtiMf 
focfMArtefiee.'* And^ wkh fegard to the mefe'mecftittt^jU^^lMidiff^ 
professional, operation of " drawing; a draught," we can posi- 
tively say the Reverend Professor is as incapable of performing 
it as either of these gentlemen may be* - rt .) ; 

' With vegard to the Caledonia, it uiay be ohse^ed, that thii 
&pAnUm» e xjpt ei s^ ' d ln Ae quotation, of the acquirements of heiF 

constructor, vary considerably from the statement in the fii-st 
article of this Number, containing a character of Sir William 
Rule, from the pen of a personal acquaintance $ besides, a man 
holding a iilbadon of authority haa at his command the talenti 
of altbeneath hhn, lend, llierdbre, even had Sir Wmiam Rule 
been so unfit to fill the situation of a constructor of the British 
Navy, as only working by the " rule of thumb would infer, 
he had an ample resource In the talents of M. Barralfi^r and 
hia aim, who weife both, at the time. Iris subordinates. 
' The antho/i remarks in the succeeding paragraph, on the 
management and trim of a ship, are extremelv 2:ood, but he 
will find the snme ideas in the works of evcrs writer on naval 
Brehiteeture. Chapman expressly says, that a ship of th6 
hsst form will not show ks good qualities, estcept It is at th^ 
same thhe well ngged, wellatowed^ and well Worlted by tiios^ 
who command it." ' * ■ 

• The case of the Barham, which is brought forward as a dc-^- 
diive argument against the Upplication of eci^nce, ts indeed a 
oenviaehigf proof hoi^ much a Itnowledge of l^e correct prin* 
efples on «dilch the qualities of a ship depend, may become 
available when any e^reat alterations are at once proposed to be 
made, from that which custom has established, and which has, 
though by ^ow and uncertain steps only, been brought to k 
«Q«VmtlM pevfection. This ehip is the Afftt^'^n which Ah 
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inferior class by cutting down a deck ; and this, merely because, 
hitherto, the alteration has always been made under the same 
mot, with which the author of the quotation labourtf when ht 
exprtsamrlnt astonithment tlut tlie ahip^ fts a fngM, -iftioiikl 
masts t«n'fe€ft higher from the dedt thait i«4i«ii ahe wai a 
seventy-four. The error is, in the supposition that the masts 
and sails depend on the classification of the ship, and not on her 
relative dimensions ; and also, the wonder at her increase of 
g0o4 t|iiaiitie% horn all these ehanges, arises firoai tlM wiimkm 
nMon that a eonstruetov biiiUI« a ahip with a irteir. t»atialan 
perfection, while the fact is, all he can attempt must be rela- 
tively to the necessities and exigencies of the class to which she 
belongs. Again^ so far from the Barham's bearing in tbe 
MMrjteii^ totally diatiged from <^the only tm am §» 
HkbKh^M ftst taiUiig/'-^er staMlltjr mm nmmmOf be 

increased very considerably by the removal of such a mass of 
top-hamper, and is very triflingly diminished by her new line of 
floatation being lower than before ; therefore, she is enabM 
to carry, as a frigate, niore'aail -than the ooald fmiMy m 
a line-of'-battle ship ; and, wMle tke propelling fofee ia hf 
this means increased, the resistance she opposed to motion is 
diminished by her rising in the water. Nay, had the Barham, 
instead of her having her ballast reduced more than one kal^ 
^en she was made a frigate^ vAatned her original |irO|M»ttio% 
iihe would have required even larger masts. In -Ihcr, in pma^ 
ance of the principle, were she again to be reduced to a cor^ 
vette, she would require still larger masts, and her stability 
aai velocity would be further improved. The reducing a Mf 
te'aii inferior elass amottiits to this, that ^e gains the odwuHaga 
W'i i rf I Wf i N M dt^rived from the relative dimenstofis of llit large 
nhip, combined, by her rising out of the water, with an approx- 
imation to the advantages of the form of the body of the small one. 
^^ The observations on the perfection of French ships militate 
MhiiW|i%^»iilli the progress and tendency of the rest of the 
ai f |Bfe e ii as those ships are most deeidedly the tesolts of ^ 
application of science to naval architecture ; while the fact that 
our builders could not even imitate them, so as to make the 
imijatjutt eqnal to the parent ship, only proves, that not bemg 
'iilNP^Ii^ii piluilplui-of their ^eoMtrttedoiH 4h«y ^yore iiaiMi 
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to make the alterations which were recjuisltc to fit them for the 
difl^r^nces of the arrangements and materiel of the two ser- 

. «i0M« Fog. the concluding ohMTvation of the quoialion, it is 
«ltaly knpptiiye ^^iftwo«hi|wbe lioUtfromtlieaamedfaiight, 

. with the 6MI6 seantlings, and by- the eame builder/' that their 
qualities can be the same, with a dift'erence of disposition of 
the masts, yai ds, sails, ballast, trim, 6ic^ and a diiference in 
the skill the commander/* 

Theie .b another piima^e which must . he quoted. The 
aiitfiory after his ohtefvalions of the efllect of the position of th^ 
masts, cut of the sails, &c., on the ({iiahties of a ship, says. 
Let but a ship be built with a full round bow, to meet a head-. 
wm, .with .ber extre^te hveadth carried well forward, diminislH 
iflg in a rcgvkr eurvatuie. to the 'stem, to let the water abo 
displaces pass fireely aft, as nature has provided in the shape 4^ 
fish and water-fowl, and not to be iimiiersed too deep in the 

. water ; and such a hull, with the other points above enumerated^ 
AMiiiiged as they oegfatto be^ will compensate the want of linea 
md enrvct deduced from mathematical calculationa." Daily 
experience showe that good and effeeUve ships are sometimec 
produced solely from observatio.i of this nature, but at the 
same time hqre is no surety of success, no knowledge whtc^ 
.wiU . anthorisc any change being made from what has been 
fiom, er if a dhange he nttempted, theie la no certainty that 
kt effect will be* that proposed, or that its success may not be 
more than eoinpcnsated by an atteudant evil. Nay, among 
the requisites mentioned above, tliere is one, that of the ahips 
not being iminerted too deep in the water," which cannot 
poMsibly be awored.by any observation or escperience, bnt must 
absolutely be the result of laborious calculations founded on the 
principles of science. The many failures in cutting down ships 
preyioiisly to the case, of the Barham may be instanced in conf 
.tenationefjtbcoenffmarlui. And though an experienee founded 
on obffcrvetion mey be able to avoid great errors m tmdte 
" already beaten, nothing but a knowledge of principle, which in 
fact is science, can ensure successful deviations from that track. 

The motion, of pitching, which has been before maitionedje- 
speaking of -the causes which must govern the shape of the bow 
of the vessel, is g^erally the- most violent action to which a 
olup is subjected, and the most injarious^ butli to tlie couucxion 
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betmio^the parte of her structure, and to the velocii^ a£ her 
MiifM. - It is ih« lMigits«Ml laolMS, mm4 ky 
ai99«fft«0b«4ail to Ac body by Ibe.wam^ «t4l» wmI pMM 
iMrer them, when on a wind, and by the consequently constant 
efforts of the gravity of tlie body to recover the state of equili- 
bnum whiob, before the commencement of the motioOy bad 
i M iil i i i bU i nuu k and ibe- buoyancy of tbe fluML Tb« moUoa 
will continve as looy as tbe wesael ranauM ui the^saaas aiiurii^ 
and tbe inequality of the surface of the water continues ; but 
when the direction of the wind on the vessel becomes such, 
tbat it can act im > conjunati o n, with the gravity of the vasselt 
and io ciaiMnt^oppofition to ita^eTillattnas>i ithe>BiotiQ»nwll 
osnasw Far tfajsa^ ca u s es i i lii e ipitehing moCMMi can only axist in 

any violence when a vessel is on a wind : then, its force will 
depend on the degree of inequality of the surface of the water, 
on the quickness or slowness of the succession of tba mraa^ on 
dM diraotiaii in whidi tlHV Mkik tba bow ol tlio VMaaL Mid oa 
the sbafia of the boan, as it inioenMs tlM degree of Tsalaneo 
wkh which it meets the water, and the resistance it opposes 
to submersion; ». ^z. ; ij ^ . iii 
mTh^ loaat i^jarions action -of pitching, it wImi tbe state of 
tbo aan kaiieb^ 4bat the Mliott of tbe shq> mny bt ao |^ Baed ta 
take place iMtocI n Kne p a ss ing tbiougfc isi Centre of gravity, ao 
a fixed axis of rotation ; for then the motion may be compared 
to tlie oscillations of a penduluniy and its violence may, in a 
groat d^foe^ bo i^latcd, by. either Incitasiqg «Nr« diminishinf 
tbn lansnb of tba^isaainnal namlMliim aaaoadnar an dM atata 
of the ^a appem to raqinio tiM os oiH a d on s to be mad l e in 
longer or shorter periods : these elFeets may be severally pro- 
dnoed, by removing weights toiher from the axis of rotation^ 
or if appiuaaliiag' them to it; tbat k, by inrasnslng or 
diasinisbing thoawasaoU ofinwHa,* 

But it is, as has before been^said, only in soum states of tbe 
sea that tlie pitching motion in a vessel can be compared to the 
asoiUations of a body round a hxed axis of rotation, passing 
. llapiMiigb.ils tantra of gmvityv aad where the — m ants of- in^ 
tia, of bsdi tho loin and albsr bodies, ofpM te> 
under many of the circumstances of heavy seas, tbeugh, at the 
commencement of the motion, the axis of rotation may pass 
tlMong^ tho oomre of gravity of the ship, it will paasabait it^ 

F 
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as the wave passes aft ; in this case, therefore, the moment of 
inertia of the bodv before the axis of rotation, which, whea 
this axis passed through the centre of gravity, was equal to the 
sum of the particles in that body multiplied by the squares of 
their distances from the axis of rotation, will become, at any 
instant afterwards, when the axis of rotation shall have pa^ed 
abaft the centre of gravity, increased, by the difference between 
this quantity, and the sum of the products of the particles in the 
then fore body, by the squares of their distances from the new 
axis of rotation ; consequently, the moment of inertia of the fore 
body will be constantly increasing until the end of the motion ; 
while the moment of inertia of the part abaft the axis of 
rotation, will be constantly diminishing, under the same limits* 
Tliat is, the force which has an injurious effect on the violence 
pf the pitching increases, while that which diminishes its vio- 
lence decreases. As the direction of the motion of the waves 
is opposed to that of the vessel, the momentum with which the 
bow of the ship will meet the sea at the expiration of the mo* 
tion, is equal to the sum of the momenta of the bow and the 
sea; and this impulse is often so great in practice, aa to be 
sufficient completely to check, for several seconds, the motion of 
the vessel in her course. A frequent recurrence of these shocks 
must, therefore, not only be extremely injurious to the strength 
of the fabric of the ship, but must, of course, materially affect 
her progress through the water, and may even, in some situa* 
tions, compromise her safety, from the increased liability of 
shipping seas, especially in deep-waisted vessels ; and also, un- 
less a ship can contend with advantage against a head sea, her 
chance of escaping the danger of a lee shore must be consider^' 
ably diminished ; as there, her safety would, in a great measure^ 
depend on the possession of that property : for, on the tack in 
which she would run under the seas, the force of the waves, in 
driving her to leeward, might more than compensate for her 
increase of velocity through th« water. - s ». , 

From these considerations it is evident, that every changt 
which can be m^de to diminish the extreme violence of this 
motion, when it takes place under the circumstances which 
haver been described, either by lessening the moment of inertia 
of the fore part of the ship, or by giving that part the form 
)¥hich will the most conduce to render its impact with the water 
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#0ti*||ra4ualB fnutt be «dvatiU|g^il3^4¥ith reapect to tbe v«io? 
4^,ta^ pmmatknft of thft^tieqgth Af the aliip^ andewn 
4fl^i«iBifB8mg the safety of the ctew< But, since the bow of • 

ship is subjected to 49hocks of such a violent nature, it must 
jQ|0G«8sariiy consist of a vast c;oiRbinatiQn of materials^ to .ensure 
^^iilfliiftte power of rea^aucei grejU.oftre^lKiR^eyer^.^^^ 

^mKeiri that tbeco- be joofeiporemigbft th#Q this cmi^i^ 
^renders necessary, Bnl the piiocipal. source from which adl.- ^ 

vantage might be derived, would be from moving the fore-masl^ 
^yntk the weighs dependent on further ^t ^ luid it will, 
flt|(ill|yf^iji to prove, pointliif ..out th&.v^jrio^ forces wh^)l 
Jlili»|i .# 9|up when iaiiMMioiiy and the sfmflvC^Qsideratioqp 

MidiFa measuvtt would involve^ that it is not impractioable ^ 
.^IfKi that it would even be attended with other advantages. 
^£i\Yhen a ship is under sail, there are two forces acting on 
4llie otieg the Ibrce of the wind oa tbe-.spli^ to propel th^.abijl^ 
f0ti t)i# «iMP9 ^ f uristo iye the water opposes to ita jpoll^ 
Jhf se. forces, immediately the ship has acquired the Telocity <iue 
yto the strength of the wind, are equal, and, as is the case with 
|all forces,, may each bi& reasoned on as if acting on only one 
JlKiint^f ^ fMcfooe ovier wkddk its efiect is Jj^ad ; this point 
4Hli|gt i» whis^ if the whole fofce were to be concentrat^ itn 
^offset would be the same as niien dispersed over the whofe 
jEurea ; it is usual to call these resultants of forces,'* and the 
«^Qta.o^ which they are supposed to act| centres of effort.^' 
f^Yi9l|ifrbalte|,l^en before saidt -the. resujtaat of the force of 
^llimm^A,m the siuls, and the resultant o£ the force of ^the 
^vater on tfa# hnU, are equal : the one acting on the weather sidf 
4f the ship, in the direction in which the force of the wind 
JiBlolves itself and the other opposed to it, acting on the iee- 
in .tt|e dii^eetioa in which the £9100 of the water resolves 
jMelf': i^id their .e&ct i% of oouise^ in proportion to. their dis- 
|fl|M« from the centra of gravity. If they are equally distant, 
they will destroy each other, and the ship will remain at rest 
fi^tkiieapfifit to the line of its course; if the resultant of the 
j^tttt^mrt vf the waiter.pasa before the resultant of the wind, 
llMtihif 'Will tarn to tha wind ; and of coubb% if the resultimt 
lof the n^ad pass before that of the water, the etfect will he the 
contrary: in either case, it will be necessary to equalize the 
feif % ^ f^tioiif of the water on the rudder, on its i«e-side| 

*. ^ 
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iide, to destroy a part of the effect of the wind. This is the 
principle of the action of the wind on the sails, and of the water 
on the hull, with respect to the course of the ship through the 
'vnXitT; and it is on these considerationB asAjf that the Tiriow 
Sehanges can be regulated^ which it nmy from time to time be 
necessary to make, in the trim eitlier of the sails or of the ship : 
and, of course, the accurate determination of the positions and 
"directions of these two forces is a point of great importance in 
navai architecture- Tl^e positioii of the centre of ;f#oitij||^ 
^nd on the sails may be foond- wider certain 'i^MIMm 
and, that being known, enough is determined to lead to correct 
conclusions on the other circumstances attendant on the subject. 
' In order to find the distance of the centre of effort of the 
wind on the saib, liefore the centre of gravity of the sliip, the 
thoment of each sait is found, by multiplying its area by-dria 
horizontal distance of its centre of gravity, from that of the 
ship ; the sura of the negative moments, or of those abaft the 
centre of gravity of the ship, is then subtracted fipom the snm 
of the positive momentS| or those before the centre of gravity | 
the reminder is then divided by the whole area of sail, and! 
the result gives the required distance. The situation of this 
pointy with respect to the length of the vessel, must determine 
^in a considerable degree, the pontion of the masts; for^expe* 
, rience has proved, that it is among the most essentially reqm&ke 
good qualities of a ship that rfie Shall carry a weather hdmJ^ 
' It does not, at first, appear evident why the rudder should 
have more effect on the ship when it meets the water on one 
side of the middle line, than it has when put to an equal aaglo 
on the other side : the reason has, however, been partially ex» 
pldned, from the consideration of the direction of the motioit 
of a ship through the water, by several writers on naval archi- 
tecture. Don Juan has been the most explicit ; the reasoning 
he pursues is this : as a great portion of the force of the wind^ 
in all oblique courses, tends to drive the ship bodily to leeward^ 
and as this effect cannot, by any means, be wholly destroyed, 
the true course of the ship is not in the direction of its own 
middle line, but in that of a line passing from the lee-bow to 
the weather-quarter, parallel to the ship's wake; and, he wap^ 
^ jpbses, that the fluid meets th^ rudder in the directicn of- this 

0 
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tm of leMAQs botkoii tiie le« and weiithor aide of tht ship; 
and Um^ thmfbre, when the Iwlai is a^waather, the angle of 

incidence of the fluid on the rudder is equal to the sum of the 
angle of lee-way, and the angle made by the direction of the 
nidder with the middle line of the ship : while^ when the h«lia 
is a-lee, the angle of ineidenee is only equal to the difftrmee 
between these two angles; and therefore, of eoofse, when they 
are equal to each other, this difference vanishes, and all action 
of the water on the rudder ceases : and this^ under Don Juan's 
impponitions, would^cur when the nidder was in die direction 
kd^^S^ pi lee-way ; and a% of course, the most advanti^ 
e^fi^i gcdetal-'l^tion for the rudder is that in which, by ofier-* 
ing no obstacle to the passage of the water, it offers no resist- 
ance to the velocity of the ship, and yet, by the least variation 
fijt^B^^ inacliye pontic might be brought to act effsctively 
dn* her ; it follows, either that Don Juan V reasoning is inoor* 
rect» or that the advantageous general position of the helm 
should be a-lee. But experience proves, that, with the helm 
a-lee, the rudder would not have the effect on the ship which 
has been (^■scr^led : therefore, although Don Juan's reasoning 
shows the Uain principle of the greater effect of the rudder 
when to leeward, than when to an equal angle to windward, o>f 
the middle line of the ship, it is insufficient to account for the 
fact, that the general position of the helm should be a-weather ; 
indeed, as has been shown, it proves that it should!^ a-lee; 
which arises firom the erroneous assumption, that the fliu4 
meets the rudder, on the weather side of the ship, in the direc- 
tion of the line of lee-way. Now, when a ship is on a wind, 
the particles of water which successively come in contact with 
the lee*bow, in conseqnoice of her motion in the direction of 
Mli^^mirse, are some of them forced on in that direction ; othevs 
escape laterally, in the direction of tangents to the various 
points of the curve of the bow; while others are forced on 
before .the bow, in every direction between these limits; and 
liie^i|P^j^% their passage, ioomnmnicate a part of their motion 
iSf%KPtg^rli of fluid with which they come in conr 

iSSB^y and those, in the same manner, to others ; and, as the 
^^^ii.^(^^e bow on the fluid is constant, these effects 4vill be 
coiistsiit ; and the whole of the particles that escape laterally 
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with the middleiWiff *he rtiip, wttch^lfr%e #fHllf 
according to the degree of fulness of the lee-how of the ship. 
'And| whatever other effects may be produced on the particles of 
%ater hf the passage of tlie vessel through them, this motion 
operate, tn a greaterortets degree, on tho^ eifectft. No«ir^ 
"^Although, in conseipietice of the Mferenee hi thelralk of 4he two 
extremities of the vessel, the particles of water mW acquire mo- 
^tlonft, in variow directions, to fill the vacuum round the lee- 
alde of the stem; the prindpai aetioft will, both on acooiikkt of 
the aeeimiiilatiott at the how% nA the veioeity of the Venel, 
'take place from forward; and the perflcfW^'ltflfch^ passage, 
will necessarily partake of the motion of those which they fe- 
'place, In a greater or lest degree, in proportion to the caulkes 
%hleh operated to create thil motion. Therefotfe, the pluU- 
cles of iidd^ll 1e^ the stem of the Vessd Hi a direetlon c6^a^ 
pounded of the two motions 5 one parallel to the middle 
of the ship, and the other in the direction of the mean tangent 
of the bow: that is, they will leave the stern in a direction 
nkkhig an taig\^ with the line of the ship's ronrse, *^^ilb»iiiatL 
the an^e made by the middle Hne of the ship wlA' MSflffie'^ 
and consequently, the inactive position of the tndder will be, 
when it is in this direction, that is when the helm is rather 
' «-weather$ the degree will depend on the fulness of the bow, 
'ihe lhieneto of ihe after patt^ and on ^ angle the ship^ conrse 
makes with her middle line. And this position i^obld he the 
theoretic limit of the degree of weather helm a ship should 
carry, as in any other position, there must be a force acting 
«ii the redded whieh must increase the lesistance the ship ex- 
periences lift her passage thmgh the wilted. • A pril^^ 
firmation of the cSlpreetness of Ms prfneiple, hnd* of the fiict 
that this position of the rudder is a-lee of the ship, may be 
dra^ fVom the common observation, that when a ship is in 
'^od trim, the hehn, being lb-weather, his a very perceptible 
tmiuloas motion, nvMeh ntosiisnse from themdder^ beii^ hi 
*a position, in whkh'it'ls IM aet^ tf&it on cStlier lilde %y anir 
constant force. 

Thia method of considering the direction of the flow of the 
' waters the rodder, eeosiderably diminishes the estimate of the 
mess of He ifllece on ^ lee-eklo of the mdder, owr'tiiat on 
'thi6 #seiiheiv * BiH liMi#tt# iowNnI ^llte^eoflisiderifttom wfuel^ 
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operate in increasing the eflfect of the weather hehn. Froik 
the direction in which the water flows past the ship, there will 
be a much greater reduction of pressure on the weather-side 
of the rudder when the helm is to windward, and therefore a 
greater positive pressure on its lee-side to turn the ship, than 
will occur under the opposite circumstances, or when the helm 
is a-lee. Also, the broken and disturbed state of the water on 
the after part of the weather-side of the ship, and the conse- 
quent various degrees of resistance it opposes, must lessen its 
effect when the helm is a-lee. 

It has been said to be proved by practice, that ships which 
carry lee helms cannot be weatherly, that is, will fall faster to 
leeward than those which carry weather helms : but though the 
fact may be correct, the reason assigned, is in some degree 
mistaking the effect for the cause. It has before been said, 
that a part of the force of the wind acts, in driving a ship 
bodily to leeward, of course its effect will be greater or less in 
proportion to the lateral resistance opposed to it, and the ship 
which opposes less lateral, and greater longitudinal^ resis- 
tance to the water than another, will, in the same period of time, 
have fallen furthest to leeward, and the line of her course will 
have made a larger angle with her middle line; by which the 
effect of the water on the after part of the lee-side is increased, 
while that on the fore part, both of the lee and weather sides, 
is diminished; and the helm must consequently be kept less 
a-weather, A practical proof of the correctness of this 
reasoning may be drawn from the practice of the merchant 
vessels, which are generally, from form, more leewardly than 
men of war ; they have their ^ foremast placed much nearer the ^ 
centre of the ship than is usual in sharper and finer-formed 
bodies; this has evidently arisen from the operation of the 
cause above-mentioned, which has shown that they require the 
resultant of the resistance of the wind on the sails, to be pro- 
portionately further aft, to ensure their carrying a weathcr-helm. 
From this reasoning it is evident that, under some circum- 
stances, it may be the leewardliness of the ship which causes 
her to carry a lee-helm, and that when such is the case, the 

» The Comet, a bomb, a class of vessel approximating, in form, to a mer- - 
chant ship, was sold out of the service : her fore-mast was then removed four 
feet %(t, by wl^tch she was much improved* ^ 

Digitized by Google 



216 



Observations on the Forces tohkh 



defect might be remedied, not only by the usual methods of 
placing the masts further aft and altering the draught of water, 
but by increasing the lateral resistance by the addition of false 
keel, or by greater depth in the water. n 

There is another disadvantage which arises from a ship's 
carrying a lee-hehn, which is, that then the action of the water 
on the weather-side of the rudder, acts in conjunction with the 
force of the wind, in forcing the ship bodily to leeward ; while, 
on the contrary, when the helm is a-weather, the action of the 
water on the rudder, is in opposition to the force of the wind. 
4 Having now endeavoured to point out, in what the necessity 
consists that a ship should carry a weather-helm under all cir- 
cumstances, and to explain the principles by which the position 
of the helm is governed, it next remains to consider in what 
manner this position may be affected, when the ship is under 
sail : this is the more necessary, because there are occasions on 
which ships that generally carry good helms, will carry them 
a-lee; it therefore also remains to examine, whether this de- 
fect might not either be removed or ameliorated. 
, iiThe ardency of a ship, which is her tendency to fly to the 
wind, depends, as has been explained, on the relative positions 
of the resultant of the effort of the wind on the sails, and the 
resultant of the resistance of the water on the hull. A consi- 
deration of the effects produced on these forces, when a ship is 
under way, will lead to the object of our inquiry. 
/ When a body passes through a fluid, it causes an accumu- 
lation of the fluid to take place towards its foremost extremity, 
and a depression of the fluid towards the opposite. The 
degree of this accumulation and depression, will, of course, 
depend on the velocity with which the body passes through the 
fluid; and its increase must necessarily have a great effect in 
drawing the position of the resultant of the water further 
forward; therefore, from this cause, a ship becomes more ardent 
as her velocity is increased. Also, as the ship inclines by the 
force of the wind, a greater surface of the lee bow is immersed, 
though, from the fulness of its shape, the angle of incidence of 
the water on it does not undergo much alteration, while the 
effect of the water on the after part of the lee- side is consider- 
.^ ably decreased, in consequence of the much greater diminution 
of its angle of incidence, arising from tlic sharpness of the 
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afte^ lidljik * II -ippgiMW^ ^bfitf ' tint dift iaelMiiQD incriciis 
tinr^dliMajr^ hf itwmo^ thA iwnltMt ol the milar iatwrniL , 
^i^e p oti l ioi i the ggaftw of eHbrt'of wind <ni the Muk, m 

calculated under the supposition that the sails arc plane sur- 
faces, and equally disposed with re^gard to the iangitudiiial axis 
of Ike ship; but when a ship it on a^jwuid, ai. thefom oC 
the moA arts ia adirtotion pUiqiie to thaawfim of thaaaiki a 
great ear proportion af the tall is eanacd toleevvard of 4h|» axis^ 
and the whole sail assumes a curved surface ; the curvature of 
lj|i|i|at^ iiipea^ from thesQ 

ijjgHilpniilipiiqiWj theceatia^f e&rt ia^ m hfit, carried grodaaUx 
fnilDiM; #ft> asy the aetron> x>£ the anad takes place oa the aails* 
Also^ as the Jme <tf the wind inclines the ship, its centre of 
ctfort is carried, by the inclination, over to the lee-side, and by 
thiiy 9» well as by the effect produced on the resultant of the 
vm$m^^ ^\nh haabeen bafoie laeatkiaedy the distanea hetweeii 
dMa^vAnthcf ancfeated. It tbarafore appeals that the ^pnn^ 
tity and disposition of the sail set remaining the same, the 
ardency will increase as the force of the wind increases, 
and. of coane diminish as that fonie diminishes ; but as it is 
IohmI ki praetftoethat ships verr.gfnmUy icqaire theirii^kDa 
a4te in light wiads, although it is etideat that the .several eir* 
cumstauces which have been mentioned as creating the ten- 
dency of ardency, must still exist in a small degree ; it would 
appear, that the ardency must increase aad decrease in a faster 
Hitia»lhaa the Ime of. thewind ao«v the .diraL*! aad.kteral 
resistaaeea^aM'aB the eqaaies of their respective velocities, it is 
evident that the lateral resistance will diminish in a faster 
rflie than the direct, and that, consequently, as the wind de- 
nWiWiiillhli nig) ' i"* lee-way, or of th/B ship's coune, wiU he 
japreaatdi . arbiek it has before been proved^, will draw t]ie.re* 
sttllant of the water ait, and diminish the ardency ; thm^ 
fiire the increase £Uid diminution of the ardenc\ of a ship, 
Pf^li be in^ifoportion to the difference of the ratios of increase 
iaiiMllPWM/9f^^)^<l^^ lateral resistances. ■ ^ ^ 

-> lj%ilffi1p. rp|Wft»; which- have been assigned for a ship'a.eare 
ritying a lee-hehn in lig^t winds, it is ei^dent the deibet may 
he ksseued by all those means, of triauiiing the sails or the 
jH^fifj^l^^ kav« bcea mentioned as increasing the distance of 
Ae 'reAdtant of the water before the centre a( eff«itof>hc^ wind. 
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But when a ship's earning a lee-helm is occasioned, as it 
sometimes is, by the state of the sea; the waves of which, strike 
the ship on the weather-bow, and in their passage cause a great 
immersion of the lee-quarter, any attempt to bring the resultant 
of the water for^^'ard, would, from the consequent greater immer- 
sion of the bow, and the necessary addition to the momentum,' 
increase the effect of the impulse. The evil may be lessened 
by diminishing the quantity of head-sail, which will both 
bring the centre of effort of the wind aft, and ease the vio- 
lence of the pitching ; and also, if the inclination of the ship 
were increased, that, by increasing the effect of the water 
tii the lee-bow, and diminishing its effect on the lee- 
quarter, might also, in some cases, prove advantageous. 

In heavy weather, ships under a small quantity of sail, 
very generally carry slack helms, partly in consequence of the 
position of the centre of effort of that sail, and partly owing 
to the state of the sea. Under these circumstances, it is generally 
impossible to carry enough after-sail to alter the defect ; and to 

' trim by the head, would only increase it, on account of increas- 
ing the pitching : there is therefore no other remedy than may 
arise from such an original disposition of the masts, as would 
render the power of creating a balance between the effects of 
the sails more easy. But, of course, before making any altera- 

. tion in the position of the masts, great caution is necessary, for 
possibly, one of the first requisites in a ship is, that she should 
work quickly, which quality depends on the proportion of sail 
before and abaft the axis of rotation, and not on the position of 
the centre of effort of the whole surface of the sail. There- 
fore no alterations can be made in the position of the centre of 
eflfort of all the sails, or in the position of the masts, unless 
due consideration is given to the effect they may have on these 
proportions. ' ^^'-'^ 

i * It may now be necessary to onserve, that a ship may, on 
some occasions, be too ardent. In addition to the alterations 
which will suggest themselves in this case, from what has been 
already said, it may be observed ; that as the curvature of the 
sails, and the inclination of the ship^ both tend to increa^ the 
ardency, it may be diminished by taking in sail, especially 
those which from their greater breadth assume a greater de- 
gree of cunrature. 
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It is sometimes objected by practical men, that trimming a 
ship according to the principles laid down by theory, has not 
the effect which was to be expected ; but this often arises from 
an ignorance of the necessary degree of trimming, or from a 
mistaken notion of the effect which a certain degree will pro- 
duce. In order, in some measure, to obviate this difficulty, the 
following table is given, it contains the weight which will be 
necessary to be moved a distance of forty feet, either aft or 
forward, to produce an alteration of one foot in the trim of a 
ship. Tlie length and breadth are given in the table, merely 
as being more sure data for the comparison of size, than the 
class of the vessel, or the number of guns. . . 



.1^ 



Clau of Vessel, 
and 

N amber of Gans. 


Length. 


Breadth. 


Weight to be moTed 
8 I>istance of 
Forty Feet. 






Feet. 


Feet. 


Tool. 


1st rate 


120 


205,25 


54,50 


112 


2d .. 


84 


192,25 


51,44 


90 


4tb .. 


60 


174,00 


43,67 


58 


5th .. 


46 


159,70 


40,50 


38 


6th .. 


28 


120,20 




22 


Sloop .. 


18 


111,25 


30,5"D 


14 



If any other alteration in the trim be desired, it may be 
deduced from the results given in the above table, by a simple 
proportion. A French writer on naval architecture, Du Maitz 
de Goimpy, has deduced, from experiment, the following ave- 
rage estimate of the effect produced on the resultant of the 
resistance of the water, by any difference made in the trim of 
the ship: — that an alteration of 18 inches in the draught of water 
will draw the resultant 12 inches nearer to that extremity of 
the vessel, of which the immersion is increased. And, since the 
effect produced on the centre of effort of the sails, by taking in, 
or setting, any sail, may be estimated in the manner described 
in the course of these remarks ; the cause necessary to produce 
any desired effect, may be easily found. Another source of 
.error may arise from the various rakes of the masts; from ' 
which the angle of incidence, and, consequently, the force of 
the wind, which is as some function of the sine of the angle 
of incidence, varies considerably for the sails of each mast; 
and, if the trim of the ship be altered, there must be a corres- 
ponding effect produced in this angle : by which the relative 
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^tOpnAom of Ihe force of tiie wind on the several sails will 
be altered, at will also its total effect on all the satis. 
Most of the writers on naval architectare hare "occupied 

themselves with the problem of determining the angle which 
should be formed by the yard with the keel, under the different 
clreumstanees of wind. Don Juan, whose highly scientific and 
thorough practical knowledge, entitle his opinions to more 
than common attention, on a subject in whidh thereseatdies of 
theory require to be aided by the deductions from experiment, 
has determined these angles for a ship of 60 guns, and has also 
given some general rules to guide any variations from them. 
When this ship was close*hauledj with all sail set, he det^mflied 
that the angle the yard should make with the shoiiNf ^ 
28^47 and, with the wind on the quarter, 50? 11'; but, when 
the wind was so high that but a small quantity of canvass could 
be set, these angles were respectively increased to 40? 42^. and 
M?21 ' He also arrives at the general conclusion, tiiat, the 
greater the quantity of sail set, the less should be the angle 
made by the yard with the keel and also, as he makes the 
relation . between the direct and lateral resistances enter inta 
his investigations,^^ the sharper, and the more adapted for velo^ 
ei^ a Teasel is, the smaller should be the angle made by tbk 
]fard with the ked/' Consequently, frigates and smidler vessels- 
should, under similar circumstances, have their yards sharper 
braced than line of battle ships ; and again, that the nearer the 
saHs ^iproach to plane surfaces, the less should thie angle be/^- 

AeeofdHng to'tiie pment positkma of the masts'of ti ^ip,- 
eaib on the 'fore^mast are, generally, not eapaUe of being s^' 
sharply braced as those on the main-mast ; but as theory and 
practiee, as may be instanced in fore and aft-rigged vessds, 
ooneur in fixing the linuu to which it would be desirable* t6i 
knee the yanh, within even what eanr generiny b# ottidhed oli 
tiie m«tt yard, muoh 'of the force of the^nd on the'sHiils 'oir 

the fore-mast must be lost; and as this less degree of bracing, 
common for the yards on the foremast, is found even to W 
neoessaiy, in mai^ of the ships, to enable them to mtty^^b^ 
heHn-euflMentiy a^weathev; at wmdil<app^ that lAie po^ition ilP 
the fom-mast is too^forfotuitti^^ and that moving it aft woiild 
headvanSi^;eDus; besides the good effect it would have, as has 
h^ shown, m diminishing the violence of the pitching aiotioiU' 
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!i*,^Tie positiou of , the lorerixmst appears to have remamed 
'jnitBxly the ainne oa it wae determined in the eerljr part of tb« ^ 
laat centnry; while tiie reaMms^lnch then fixed il, at about 
ione«nmth the length of the ship from the stem, have many of 
tliem ceased to exist. Our ships are now longer, and there is^ 
consequently, room for the saUs, without those of one maet 
M^f iivorieoa tp those m the oilier;, the after parti of Hm 
%xSl abm water are . very eonaiderahly reduced, and do no^ 
therefore^ render so great a proportion of head-sail necessary 
to GOi^iterhalance the effect of the wind on them | the bodies 
of the ships are, from the increase of the dimennoasy mmdk 
tamt aha^ and, conieqneiiilly, tlieieattllant of the icsiMaaet i« 
fyit^h^ aft : irom these ^considerations, and. from the fhct^ dMH 
it is found that complaints are made of ships carrying lee-helms, 
k appears not improbable that the generality of our ships woul^ 
l|e improved by an alteration in the position' of their fore-masta^ 
L^-Wh^hmm of. our shifM^ and) indeed^ tbosaof some of dit 
more modem French vestds of wldch we are possessed, have 
approximated more to that recommended by Chapman, and 
since his time adopted by the Swedes and Danes, thaato that 
of the old French bodies, which were, for such a series 0f years^ 
jllid-cldeCgnMieof the E^iglish ship-fa^ ThemaAeddM- 
racteristics of the old F^ch body were, a flat floor, with a 
sharp, and, beneath the water, hollow, fore body, and a cora- 
pam^vely very full after body* The character of the Swedish 
leenatiiietian is^ the vising floor. Ml £sve .body, and eitXi^rndf 
ine after body« The generallQr of BngUsh ships of the preaent 
day are built with the rising floor, and approximating more, to» 
wards the extremities, to the Swedish, than to the old French 
characteristics. It seems, therefore, but reasonable that the 
posi^ieiis of the masts of ow ships should partake of. the pvin-* 
dple wfatcli appears to have dictated the alteration in the form 
of their bodies. With this view, the following table has becni 
formed of the positions of the masts of the vessels contained ia 
Cbapman'a large worii, of some of the present Swedish ships, 
iof.l^ several i^lassea of JBogiish shipsi and of. se«Mal attnr 
ivassels wlueh have either some peculiarity in this feature of tlieir 
construction, or are remarkable for an excess of any good or 
bad quality dependent on it. The other data in the table are 

jneeeasaij for competing the cpmpai^sonswhidi may ^b^ ■< 
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Sbips' Names, 
•nd 
Number of 
Cans, 



» 
a 

\ 

e 



f 110 
94 
80 
74 



licnglh 

ODth« 

Load- 
water 
Lio«. 



8 -g 

^ { 66 

40 
32 



ffftf ly -x.^ 20 

80 

:} 

Chap- } 
, Swed. J 



Carl Xllf.l 
Swedish, j 



Corvette 
Swedish 



20 



The 

man 

President, 1 
French, j 

Coineti 
Bomb. 



Comet, 
«s altered 



46 



} 

.} 

Pearl, \ 
Mr. Saintyj 



18 



Caledonia .. 120 

Asia 84 

Southampton 60 

Serlngapatam 46 
Leda • 4 46 

Euryalus 42 

Sapphire.,.. 28 

Orestes 18 



Distancf!! of (he Masts 

abafl the forcmott 
Extremity of the Load- 
wal«r-Uo0. 



Feet. 
205,2 

190,1 

182,1 

177,9 

174,0 

164,1 

149,6 

125,3 

113,6 

177,9 
108,5 
149,8 

t »^ li 

159,5 
109^0 
109,0 

114,7 

205,25 
192,25 
174,00 
159,7 
151,0 
146,0 
120,2 
Ul,25 



Forf- 
matt. 



Feet. 

28,3 
27,0 
25,7 
24,8 
24,3 
22,9 
23,3 
19,5 
17,5 

24,3 
15,6 
28,0 

V 

24,0 

\- 

13,4 
17,4 

18,7 

25,0 
22,3 
20,7 
21,2 
18,8 
17,7 
14.7 
14,5 



Main- 
matt. 



Fc«t. 
118,5 

112,2 

105,5 

102,7 

100,0 

93,2 

86,5 

72,5 

65,5 

102,0 
61,7 
89,5 
87,5 
61,7 
61,7 

64,0 

113,0 
109,0 
97,2 
85,6 
85,3 
82,2 
68,7 
64,7 



Mizen- 
matt 



Ratio of the Distancrs 
ol the Ma»U froru for- 
ward, to the l^nffth of 
Load-uuter-liae. 



T 



Feet. 
174,0 

164,1 

154,2 

150,0 

146,8 

138,4 

125,2 

104,4 

94,6 

148,6 
90,8 
124,2 
132,2 
90,5 
90,5 

97,4 

171,7 
160,2 
146,7 
132,3 
128,7 
123,8 
102,4 
97,4 



Fore- 
Luast. 



Main- 
mast. 



,l39d 
,1402 
,1402 
,1398 
,1400 
,1390 
,1570 
,1550 
,1540 

,1380 

,1440 

,187 

,150 

,123 

,162 

,163 

,122 
,116 
,119 
,133 
,124 
,124 
,122 
,129 



,579 

,580 
,578 
,576 
,578 
.569 
,580 
,578 
,i78 

,578 
,570 
,598 
,550 
,565 
,565 

,557 

,552 
,568 
,560 
,535 
,565 
,563 
,568 
,573 



Mizen- 
mast. 



Ratk* of 
Differ- 
ence of 
Draught 
of Water 
to the 
mean 
Draut^hl 
ofWater 



,848 

,857 
,845 
,848 
,844 
,845 
,840 
,831 
,W7 

,858 
,835 
,835 
,831 
,831 
,831 

,850 

,8.35 
,832 
,845 
,832 
,854 
,848 
,850 
,864 



,094 
,085 
,089 
,083 
,082 
,103 
,100 
,093 
,142 

,108 
,120 
,000 



,000 



,057 

,053 
,048 
,076 
,089 
,104 
,066 
,060 
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mastin the.fi^i]!! pf/^WTerent rates in his Majesty's serrieey 
is considerably more forward than in the Swedish ships ; and, 
that in Chapman'p experknental frigate, the ^apman, it is 
remarkably far afu The pomet^ as altered, and the Pearl, 
Irailt by Mr. Sainty, are pooiboflltfM) -practice, before alluded 
to, of the merchant biulders ; the alteration in the position 
of the mast of the Comet having taken place under the direc- 
tion of Mr. Feamall, a geutleman of high character for a know- 
ledge of his pfOfMOB. • c.t; .ii 

*Tbe positions of thc^ fi^tf f|rp j^en,. in the fable, in relation 
to Hie fore nde of the Tabtwt; but, diough this point has been 
adopted in compliance with the usually received custom, and 
to avoid the introduction of a feature which might have ren- 
dered comparisona^iie dtflcult, t fnoro iprreet method would 
be, to eatimate the stationaftba masts from a point K (Fig.31) 
at a distance AK, from the foremost extremity of the load- water- 
line : such that, KP being drawn perpendicular to the load- 
water-line^ it shall intersect AD, tl\^ foremost boundary oi the 
lamitn^inal Tertical secfion of tbeiresaal^ kiaiieb wwkmm tkal 
iStut resistance to angular motion,* round an axis of rotation BC, 
passing through the centre of gravity of the vessel, shall be 
equal, for the triangles AKF and DFP ; DP being the lower 
boundary of the false keel, produced, * * 

The poini K being determined for . all ships, comparisons 
might be conectly made of the positidns of thkf masts in vessels 
with the most dissimilar rakes of the stem ; which festore, from 
its eflfect on the resultant of the resistance, must have a 
eonsiderable influence on the positions of the masts, which can- 
not bitexpresse^ ki distance estimated/ron\ any other point. 

The flawing proof wiQ sliow, that if BK be taken equal to 
the arithmetical mean between BA and CD, the point K will 
be determined sufficiently correctly for all practical purposes, 
• F|:om. D (Fig. 31), drawDV perpendicular to AB, Bisect 

J^J^ and UN,;^ | JM : th^ H and ^ infi hi the respective 

fcentres of gravity of the triangles AKF and DPF. From H 
and N, draw HL and NO perpendicular to AB and CP. 

Let AB = a, CDsB AV = a - 6 = c,AK =5 a?,AL = f jr, 
andVDsi^. 
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F6rce9 acting on a Ship in Motion. 
* Tkm ihB mUmktu to fottton ef tlie tfhngW AKP fa ft^ 
poitiqii«ltotlieare«AKF x BLs ^ii^.BIi. 

Now^AK : KP :: AV : VD 

..KP mis 

the reiMtancea . ^ j 

h the nme BMiiMr/tlie raittaim 

sareaDFP.CO 

W : 13* :: DV : AV 



c 



Ml ihM MMttaneee mutt be eq^al to each ether. 

(2x\ ^ - ' 



From which expression, if numbers be substituted for the 
several quantities, it will be seen that, assuming BK equal to 
the arithmetic mean between AB and CD, wiU be sufficiently 
coiiecC* 
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. Art.XVIL — Bmarkt m Steam Vessels; wUh a Notice of 
a TteaH9e on NmngaUm by Steam, by Captain Eom, K,8,, 

The aathon of discoveries and inventions in science have 
happily IHUe, in the present age, to complmn of : so far from 
useful inventions being disregarded, there are few schemes^ 

however speculative, which are not at least regarded with at- 
tention^ and examined before they are rejected. Useful in- 
ventions are now hailed in all countries with enthusMsm ; are 
protected by the laws» and* are encouraged by patronage and 
rewards. While we admire the enlarged spirit of philosophy, 
which rejoices in the general advancement of knowledge, and 
in the general benefits resulting to the arts ; which considers 
the world as the arena of its efforts, and the benefit of mankind 
as the object of its hopes $ we would indulge in another feel- 
ing, not less honourable to man, who, by the law of nature, Is 
a social being, with partial sympathies and local attachments; 
the feeling of especial love to country and particular regard ' 
for its interests. In the consideration of the general advan- 
tage of inventions to the usefisl arts, we would not damp our 
feelings of joy at their utility to the world, but we would con- 
centrate them in our desires, that tliey may especially benefit 
our own country. We would go further; however brilliant 
a discovery might be, and however beneficial it might prove to 
the geiSeral interests of science, if other nations would receive 
greater relatiVe advantage from it^ operation than our own^ we 
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Bemarks on Steam Vessels, 



should, m Englishmen, recipe its annuneiation with sorrow, 

aiid iiiiiik its progrcbij with deep regret. 

When a discovery is made in a science, which proiiiises to 
effect a practical improven^eM \^ some department of a na- 
tion's resources or operatioiis, whether civil or military, it is 
not enough to show, ahstractly, that the improvement is great 
and certain, in order to decide on the propriety of its adoption ; 
it must he CQns|dere(t in respect to th^ rel^.liv^ a^vfkutage it 
confers on the nation compared with its advantages to other 
nations. As a general principle merel)', dependent in prac- 
tice on peculiarities of detail, if two nations, in the present 
state of any science, derive tinequal advantages from its use, 
^ny iu^provement whi^h wonld c^n^W equi^l additiQiidl liena^i^ 
%0i the two nations, would necessarily h# 4>%l4v9ntageou6 to 
the nation deriving, previously, the greater iieneht ffom. 
operation. For instance, supposing the relative naval power of 
!^ngland compared with that of any other nation to be repre- 
sented by four to one, uud that some improvement should take 
place in .xm^ warfare winch would cuuf*^ «i|Hfd bet|eiit4 op 
the Ywo ^attionst which migbt, relation Xf^ pr^vtm poswr, > 
ef^timated hy two, then the relative power of England to that 
of the o^h^r nation, after the adoption of the improvement, 
\N (juld be only as two to one : that is, tlie r^t;ivQ su^noi^ity 
of iingUnd would be diminished one-hjjf. 

In «onu4eriag the effect of any intprovem^t ^ the po^ 
sperit^ of ^ natioUi thiB general principle ahauld he always duly 
appreciated. The discoverer of any principle in science, or of 
itb applicability to practical uses, is certainly not always 
perhaps seldom, the host ^udge p( the poUu<;a) ejLpediency of 
it» adoptm; it is thQ pi^n of the stitte^om to co9«i4er it; in 
this poiiit of view i to regard it its uiti&i^ bearings ax4 
relative effects on the national interests, and either to check or 
encoura«'e its being carried into practice. The most enlarged 
view ot tbQ g^iifff^ hearings of the subject, with m elusive 
arid n^inute acquaintance with «li the interests to be affected, 19 
fiecteasi^ry in oxder t« decide with certainty on the expediency of 
the adoption of the invention. If it be objected, tliat when a 
btatesinan is convinced, that the change likely to be efi'eeted in 
the futu?e qperations of any viepartweut of the service by thi^ 
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.ifloptioii of any invention, wouid be relatively disadvantageous 
to his couuUy* h» will be imablo to prevent its adoption by 
^tlner mitioiii; to whieh il may bt nlatively advantageous 9 it 
My be ahoim by referenoe to experienoe^ ^at natwtia are ge- 
nerally slow to adopt iiupi ovements which have originated in 
and been rejected by other natioiiJi) frequently too hastily de- 
ciding, that the invention was rtjeeted from tta want of ptae^ 
tioAl utility* witboul duo oomdeivtiQii of its merita : ita adop* 
tkm may requift numerout arrangements, which the trouble of 

considering may prevent attending to j it may appear to re- 
quire resources wlijch a country uiay nut ajturd ; or it may be 
leaily so* Even wbeio the previoiit ntieotion of an invention 
by oq? natiou doea not piovoiit or control other nattona m iti 
edoptioib yet eiieh » ^isioni founded on an extewnve ae« 
quaintance with the subject, would, at least, prevent the un<- 
neeeasary e)?peu8e of arrangements, which might be required 
OiUy^ 9^ tbe consequenoe of their adoption by other nations. 
Tbo aanio prinoipli^ however, W«d9 to the prompt and eipMbttnl 
adoption of any improvoownt, whieh the exig^n^ioi or i at e fc at e 
of a nation may require. 

The vast extent of the British dominions, and their numer- 
^8 important interests, render every change in naval affairs 
m^oljieet fo^niriog the n^ost partieular attentioUt and demandr 
iQg the moet energetio meaanree^ The naval force of Gngiond 
met be always contildered in relation to its decided superiority 
over that of other nations; and in a future war it niu.st be re- 
garded m generally seeking engagements with the lieeti» of fo- 
reign f»ow^r«« Under this consideration improvements in naval 
affaire inust be ebiefly regarded as conducing to advantage in 
the attack': a consideration highly gratifying to our national 
honour. 

Tiie history of naval affairs pissentB two great eras in its pt o- 
i gross : tlie discovery of the properties, of the magnet, with its 
use in the mariner's compass } and the introduction of cannoii 
on board ships. The application of steam as^ the propelling 
power of vessels, is now producinc^ another change in naval 
power, tlie extent of which we cannot yet correctly estimate. 
Tliat it is effecting a very decided change in naval aftairs, af- 
fectitig not only the commercial navy, but ships of vmr^ and 

q2 
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which will influence, in a very great degree, future engage- 
ments, and even decide their fate, we have reason to believe. 
The relative power of different nations will be materially 
changed by the alteratkms in- naval warfare whidi this in- 
troduction will occasion, requiring resources in many respects 
differing widely from those necessary for the construction, 
equipment, and management of sailing vessels. The seaman- 
ship and tactics peculiar to this kind of vessel will render 
the experience of seamen, long inured to the dangers and diffi- 
culties of sailing vessels, although not less necessary, yet in de- 
gree less important than it is at present: an equal number of 
good seamen will not be necessary in the equipment of a navy 
composed of a great proportion <tf steam-vesselsi as in a navy 
composed of sailing vessels. In the present state of naval af- 
fairs, those nations alone which possess extensive commercial 
navies can equip large fleets on the sudden commencement of a 
war; and although such a resource will be always absolutely 
necessary for the equipment and support of extensive fleets,— ^ 
an advantage which England happily possesses, and vdiich will 
continue to render her naval power vastly superior to that of 
all other nations, — vet, as steam vt ssels gradually form a 
greater proportion of naval force, so far will it tend to reduce 
the magnitude of this advantage i at least, it will enable na- 
tiooB, possessing but small resources in this respect, to support 
a navy which, in many ways, may he formidable. Equal skill 
will be necessary in steam navigation as in the na\ igation of 
sailing vessels, in some respects superior ; but it will be of that 
kind wiiich may be, in a greater degree than at present, afforded 
by landsmen. The skill of engineers, which will be always 
amply supplied in proportion to its demand, is a new contri- 
bution of science to the benefit of the naval service. Mili- 
tary skill will also exert a greater influence in the efficiency of 
steam vessels than is common in sailing vessels : in the latter, 
the same men must be necessarily trained to the guns as are at 
other times employed in working the ship ; but in steam ves- 
sels, as few ssiimen will be necessary for the management of 
• their smaller sails, the duties of gunnery may be effectively per- 
formed by military men, leaving the great body of our seamen 




ian our ships of the line and frigates. 
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It may appear remarkable that steBia engines were not 
earlier applied as a propelling power to vessels, after iJiey liad 
been used as the moving power of other machines. It had 
long to contend alike with the opposition of the learned and 
the prejudices of the ignorant : while the importance of a pro- 
pelling power to supply the action of the wind was genendly 
acknowledged^ and was made the sulject of a pnae memoir hy 
the Royal Academy of Sciences of Ptaro, BemonlU, Euler, and 
Mathon de Lacour, considered steam inapplicahle to naval 
purposes, and recommended the manual exertions of the crew 
as the best power that could be applied to this purpose. I| 
must, however^ be remembered, that at a very early state of 
the steam engine, it did not possess the eapability of being ap- 
plied 'with any great advantage to naval purposes; althou^Hi, 
after the great improvements which were introduced into the 
construction of steam engines from 1769 to 1780, this ob* 
jection to its applicability to naval purposes cannot be consi- 
dered as the cause of its not being adopted. The almost con- 
stant agitation of war, in which ^very exertion was necessary to 
maintain powerful fleets, and to render them etHcient as sailing 
and fightuig vessels, left but little time to reflect either <m the 
policy or necessary arrangements of so great a diange in nttvel 
afiairs as the introduction of steam vessels would effect. The 
authority of those scientiiic men who had condemned the ap- 
plication of steam to naval purposes, the danger which attended 
its use in working machinery on land, the apprehension of its 
greater danger «t sea, with the exaggerated fear of those unac- 
quainted with its operation and management, and the want -of 
some master-^flpirit devoted to the object of appropriating this 
mighty pow er to naval purposes, together concurred to prevent 
its earlier adoption. While we claim the invention of steam 
vessels for our countryman, Mr« Hulls, who published, in 
1737, a pamphlet explanatory of his ihventimi, and are in- 
debted to Mr. Symington for further information on the sub- 
ject, obtained by a series of experiments which he conducted 
in Scotland in 1802, expressly designed for tjhe improvement 
of' this science, we must assign to Mr. Fulton the honour of 
applying steam to navigation, with complete suoeess, in Ame- 
rica. His knowledge of the subject, and his aequaintance with 
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the irttorthdikm which had previimly been 6bt«itt«d, w«U quMi- 

fled him for carryinc^ his \ iews into execution. Mis ilf^ttMel 
was launched, at New York, m 1807, and fully an sv. ered its in- 
tended object of navigating the Hudson, between that city and 
Albttiiy« The ttppliGatioti, in Aitiedcii^ of ftleam to the frigate 
FMIton, WM Ceminly a feilnre j bttt An mmlnfttiott' «f thlA 
vessel, leads to the result thdt tt WW the failure of an ingenion* 
man, and such a failure as any man is liable to in the eaHy 
^lat« of any science* To Mr* Henry Bell we are indebted for 
the ftii«Des«fal intraduotlMi ^f steam vessels into nse in this 
eountry in 181 1 ; since that period (hei# nsi haa tapidly in- 
ereased, and is still ihc*^a«!figr f hUt so little haS yet %ied'ilC^ 
tempted in their appropriation to naval warfare, that We may 
fiOnsider that nearly ev^ry thing remains to be done in this de- 
panment of service. mx 
That th«y will be applied to purposes of naval waf(lM| hi a 
very extensive manu^i their ttatUfS atid known «apalrftlti«s bsad 
us conlidently to expect. When we contemplate the magni-> 
ficence of an English tieet of two and three deckers, we cer- 
tainly do not wish to see them substituted by a fleet of steam 
bofcta. When w« reflect on the naval superiority of Greift 
Britain^ and are donsdious that^ with tha present system^ m 

mufet retain that superiority against all opposition, we cannot 
be frfeased, at the first view, of any (•hRne:e by wiiich that su- 
periority can be in any way brought into question. It is not, 

however) now douhtM whether steam vessels wiH be invented | 
their eflieienoy, as sea boats, has been estabKihed by expert'* 

etice i not merely in calms has their advantage been found, 
but in storms, in which they were at first considered to be ex- 
tremely dangerous, even if not altogether incapable of sustain- 
ing its violeneei That they will be used as auicillarlee to ships 
«f ihe line Is admitted by nearly all those, who deny thdr 
•efficiciu y as independent ships of war 5 but there are no argo- 

Tnents which liavc been brought against the application of 
'Steam to ships of war, which are conclusive against their gene- 
ral eiHeieaey. The largest as well as the smallest vessels ate 
equally oapable of being impelled by this power; and the rea- 
son that ships of the line will probably not befitted with steam 
engines, will nut be on account of any ineiHcieucy of -their 
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more safelv anri fecoHomically bv small steam vessels, used as 
tow-boats, whicii may also be applied to other services when 
lequired. llle ft^'stem of UMtig iteam vessels chiefly, if not al* 
iDgeliief^ in icMMidftts^ will pc«teUy be tin.fimt m ImI 
oppoied' ttt the gintral Min^ df nmd men | biit tbe Ulwiv 
ta^, and) in some cases, the necessity of arnling^ steam boats^ 
will quickly lead to the general adoption of armed steam ves-* 
aek^ the «ize of whieh wiil fm>lNkbly spaadiiy intittaM tern thia 
iinaitai' ^wmU to firi|prttt« 

Winter te invantiiin of aceani iMels it advatotagaovi dr 
disadvantageous to the interests of our country, is now become 
a «\ibfect of niuch anxiety. If steam vessels should universally 
supersede sailing vessels^ if iiiture general engagemente should 
WcoM aa attioa between i^Uitary steam galleya^ w« nMfiit 
iMkvt tattM ntemm m doubt^ whtcber on new principled and wMl 
wew r^soarcM, we might be able to establish the same decided 
superiority we possess at present^ on long tried principles and 
with sttfe feeanroet. fiut we deny the probability tliat ships of 
Iba Km will twr be 8a|imedad by ateam veesek) in f/mmnk 
•R^eoMfiie. Largo ships ore adimittigeani on Out {iriiiei|ri% 
that a i^reater force cttn be employed with A smaller sarfaee 
exposed to an enemy's fire, than in R combination of smaller 
vessels } and we found our reliance on a oouliauao^ of our 
navnl mpettority^ m Ihe gronnde thai odr eupmor nanlknl 
iHill and ritonrcie will aliii exeft thcbr cifeet^ The maliiid^ 
nance of this system is certainly tbe intemt of Great Brilain ; 
and her energies will doubtless be CKerted to countci act any 
measures which might tend to prevent its continuance^ It 
wist be adadttidy that as far as eceam vetaeh etui be intm* 
dwDed inhi naval waKam with equal eftiet to oihelr natkM «i 
to England, our' rehttive mperiotity will be dimhiished* By 
coiisiderinff, however, the ditVc rent purposes to wliich they will 
be applied, we shall hud, that in some of the most important^ 
the nw of ateam Tieaele trill be relatively moire advantageous to 
this ondnlry than lo otheta } and by direetmg the cine^iaa of 
this Kienee principally to these departments of the aervice, anH 
^ei-ely acting in other departments in which steam vesscU wiU 
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be relatively less advantageous to our interests^ as the measures 
of opposing nations may oblige us to aet^ we may on the whole 
be h^mhted by the adoption of' thit too miich-dieeded iinm* 
tion. For instsiicey steam ireisds aceompanying two opposhi^ 
fleets of ships of the line, as tow-lmats^ will give the advantage 
to the attacking fleet, as Captaiii Ross clearly shows in his 
valuable work, to which we shall attend m the conne ol tina 
paper; and this to Eaglandi whieh we hate a right to coneidor 
^as generally seeking the attack in geneial enga^ementsy^i 
ture wars, will be a very decided advantage, la the protection 
of our coast, and in guarding our commercial navy, armed 
steam vessels will not only be more economical than the oi i eie a 
whieh we hm been hithnto obliged to adop<^ but nmeh muiim 
eflfeotive* In tiie prospeet of a war in which steam v essels wiU 
take a prominent place, and on whose efficiency the result of 
many engagements will depend, we have the satisfaction of 
knowing Uiat we possess, on the whole, superior resources to 
any other nation : the excellence of our machinery, the power 
we h«fe of manulaeturing any quantity that may be le q i diisd^ 
the abundance of coals for fuel, and the numerous ports we 
posseij^ in almost all parts of the world, will enable us to carry 
steam navigation to any extent which the exigencies of war 
nay require. On the whole, we consider the prospect of the 
application of steam navigation to purposes of warAre, to any 
extent to which it can be carried (and we consider that its 
limits are restricted within the power of superseding the use of 
ships of the line), cheering to England, and encouraging that 
attention to its adoption vAdch circumstances iqppear now im- 
periously to demand. 

: The principal disadvantage attributed to steam vessels, is the 
danger of their machinery being destroyed by the shot of an 
enemy ; and, although it is probable that danger in this respeet 
w91 never be totally removed, yet, as its protection will become 
the particular object of engineers, there is little doubt but that 
its safety, in this respect, will be sufficiently ensurerl to render 
thein little, if at all, less efficient on this account than sailing 
vessels, whose masts and yards must always he exposed to the 
danger of the shot. With respeet to the dfoct of stofMs, a 
steam vessel will be less liable to injury than a sailing vessel. 
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whose masts and yards have to sustain all their violence* 
Should the machinery of the steam vessel be destroyed (« case 
not Ulbely often to ocaur, with proper arrangements and m«r 
nafiment), it still possesses its small masts, which afford effir 

aent means at' prese^^ ation ; while the sailing vessel, when 
once dismasted^ has no resource against the fury of the galdi 
A steam vessel possesses many advantages over a sailing vessels 
effecting its oourse in a calm» or agamst an adveiae wind, is an 
advantage, which circumstanees may render incalcvkbly great; 
In weathering a storm, and in beating oif a lee-shoic, the steam 
vessel has also a decided advantage. As tow-boats generally,—- 
in taking ships of war out of harbour, in bringing ahips of the 
lane into desirable stationsi in bringing ships from under the 
fire of a fort when the wind suddenly shifts or dies away, in 
assisting ships in distress, and taking possession of j^rizes, — the 
benetits of steam vessels will be continually experienced. In 
many in^anees, the introduction of steam vessels will mate- 
rially, aid the ofejecta of humanity in the preservation.of livi% 
which might otherwise be unnecessarily sacrificed 4it least 
affording some pleasure in the consideration of an invention 
which, in many respects, will atlbrd facilities of bringing ships 
more frequently into action than sailing vessels, without their 
aaaiatance, could e£to. The purposes to whieh steam vessda 
may he applied^ embrace every service in which sailing vessels 
are employed, as well as affording some advantages peculiar to 
themselves. With the exception of their sulistitution for ships 
of the lin^ there is probably no service in which th^y will not^ 
ui another war^ be need. There will, no doubt, be nunftaaoa 
fiulures in their first adaptation to many purposes ; but, as.theie 
are ohjects connected with their service which are particularly 
advantageous to our interests, to these, no doubt, the energies 
of our country will be especially directed. Experience will be 
long in this departm^at of science^ aa in all others, in maturing 
the eonstruetion and equipment of steam vessels, and in adapiF- 
ing them to their inte nded purpose ; and nothing but a war can 
fiilly open tlie wants and uiificulties of the subject to our view; 
and perhaps not till the succeeding peace will the capabiiitiea 
of steam navigation be fully known, and the necessary improve** 
ments be made* 
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Plnnf ii^liA have yet b^u j^ublisf^ed on the subject of steatil 
niHii i i f ftnd AlihiHigli in iiHIMi of tlien have iti fMHtittipIti iriHl 
ym:^ betii itimtigated M imjr gtoat «Meitt) yet tetotta Mtlalili 
advantage mav be derived from an examination of them, partl*- 
Cttlafly as afford iiig usveryu«e(ul iatormatinn on much that }ms 
bi»n done in ihe practice of steam-veseei coastruction. Mh 
MwMtiiff'i tefDft on tlie Mam Mivigatkiii of tli^ Uiili^ mm^ 
nf AflHir)«ii ii ctertifinly ona of tfc« inM ^iMMd ^xflKb yat 

^ul^lislied on the subject ; an analysis of which ^iv^sm in the 
tf\ii*d number oi tins work. Air. Buchanan'?^ work on steam 
navigation, published at Glasgow in 1 8 It), is a useful little 
%fl«tia«^ odiualiiiiig aotaift vtlaable ieieftHfic iremitia 'Mjb-^ 
atibjvoi* Mir. Pariit^;toA'8 poptkir df^HptiM^ of lfaft^lMlll 
eagine contains a. short paper on steatoi v^sirels, by Mf^ TrUd* 
gold, in which lie pnrricniurly attends to the action of the pad- 
dle-wlieels. Mr% TrodgQid has also given a section on ^attl 
vtfeNfe in hb lata mty taluaMe waatifeo <oii ftha •lc aa i ' 4Hgi a i ^ 
Ifiil aartflkiljr nuith inMor id tho dth^r parts of hi« ivwk. Umi 
Ifiolise of Captain Rm^ of ttw Royal Navy^ on sMItt navi^ 
tion, is desen ing of very jjarticillat attention, from the compre** 
henaive viewa aiid geneifd excellency of its design and execu* 
lio«i« The moat useful pan of hla work h ihftt in whieh the 
aMior deMibee the taetiet peealiM to sMm infeM^ ewf UM ii 
hb tiAeiitB and pi«o^sih>flai knowledge enable hitn ttfy abt^ Ii 

treat. The tactics of steam vessel? are necessarily mucli more 
simple than the tactios of saihng vessels, froai the facility of 

altering their course at pleAsore, witticMit the dittenltica of 
MMMMwes dependent on the Hme and dleedton «if the whid^ 
and the tnean re^stanee of the water^ The ord^r^f battle 

may be always easily formed by steam vessels, either considered 
as independent ships of war, or as tow-l>oats to ships of the line» 
It wiU not» in a fiiture war^ be enough to know the tactiee of 
toiner yeatet a new era opens npon nsi anew practlee of aea* 
manship, and a new system of naval taetlos* A work on the 

tactics of steam vessels now becomes necessary, as an appendix 
to the invaluable works of Paul Hoste and Mr. Clark. Hie 
seamanship of Admiral Pendcn and Captain Griffiths^ with the 
«>fUMral battles" of Adminil fikias, will not kne their infeerest 
and value} but the information they impart will form but a pari 
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<f£ Ihot knowledge which the naval prolmion must postM id 
fatm WBM^ hk wKleh the eombined power of Bailing and mmm 
vessels will require ^pedivtits Mid taaiiomnM iiitlMrto tM 

practised. 

Captain Ross insists, tiiioughout his work, on the necessity 
of the commander of a steam vessel being wdl RCipiAinted with 
the principles and management of the steam engine. With the 
▼ery limited facilities which naval officers at present possess of 
acquiring an acquaintance with mechanical science, such know- 
leds^e is certainly tint likely to be obtained very generaiiy* 
Should naval officers hereafter have the advantage of a more 
scientific education than their pitsent very early studies afford 
them, this wo\ild no doubt form one of the subjects offered them ' 
for consideration.* 

' Captain Rosa conmicrtces his work with an hiStoHcal sketch 
of the steam engine, in which he briefly traces the principtd 

Imptfciv^aM&ts it hai reoeivtid sitiaa iu invantioii | in a subs^ 
Tiuent-ehapcei^ describes, in a more detailed mannefj 
kte fnventkm of Mr* CKmiey^s high-pressure engine, which he 
considers paiti< ulafly adapted to tiaval purposes* It cati be 
considered, however, only as an introduction to a more exten* 
ih^ consideration of this subject, which the vulttftble Works of 
Tred^ld and Rimy iflford us. Mr. Tredgold ctideavmiW) and 
with conalderabk tUGCtsS) to explalti the principles of ste^m 

imfl steam engines, and has certainly given u<i the most s<*ien- 
titic work hitherto published on the subject. This author has^ 
however, rather too lavishly applied algebraic InvestigatHm to 
nil pern of the Bubjects^^ot always eorreoliy, and fi^cqtMHttf 
tmtieeeMarily. fn his section on steam veft«eta| he has he«ii 

much less successlui tliau iii the other parts of his work^ f rom 
the want of a better acquaintance With the principles of naval 
nrchitecture. ♦ 
• Whether hlgh'-prMure or low^pteMui^ onglnes ahoiild b# 
Mployed In navigation, Is become Ci qbestion of mueh Interesft, 



1 The principles and construction of steatn engines, with the adnj^tation of 
^easels to tiie ('itiVreut purpose^; in which iteain wiU be employ cd as the pro^ 
pelling power, we consider ujii^iii i\ ith g^reat propriety he introduced into the 
course of '^tii lirs ot the htudeuts at the School of Navui Architecture, in 
Portsmouth dockyard. • ■ • ' 
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Steam engtaea are generally classed under the heads of non-coii* 
MMlanBuig and condensiiig engines. Mr. Tredgokl gives the 
Cslloiring dassificaCiim of steam engines.' 



, XT , . CI. Generative power of steam. 

, Ji -<2, Generative .and expansive 
giDeis«it.iigl.ylhe ^ power of rteam. 



1, Condensation of steam. 

2. Coiidensation and expatihioii 

\ 3, Generation and condensation 
"^••y** \ of steam. 

4. Generation, expansion, and 
condensation of steam. 

** All the engines of the first class, and the third and fourth 
kinds of the second class, require high -pressure steam. Engines 
of the first class aie remarkable for simplici^ of construction^ 
hut they never ^ve the whole of the power of the steam. En- 
gines of the second class require a considerable quantity of cold 
water for condensation, and therefore, iu bome cases, cannot be 
applied. The greatest effect is obtained by the second and 
fourth kinds of the second class $ or, rather, it is only in these 
two species that the whole power of the steam is obtained.'' 

Independently of the peculiar methods of the application of 
high and low-pressure steam, there is but little difference in 
their mechanical advantage ; as, in raising steam to a higher 
elastic force, a nearly proportional quantity of heat will be 
absorbed s so that a certain quantity of fuel would produce 
nearly equal effects, either by high or low-pressure steam. Tlie 
most advantageous effect to lie ubtaiiicd b}' tlie aj)plication of 
steam, is by high-pressure steam acting by its generative power 
combined with its expansive power, removing the weights from 
the piston at different heights, till the elastic force of the steam 
becomes equal to that of the atmosphere, and then using its 
remaining power by condensation. 

The advantages of high-pressure steam engines on land, in 
cases where great power is required, are well known ; but the 



' Tredgold ob the Steam Engine, ps|;e 168. 
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propriety of their application to naval purposes depends on 
very different considerations. The advantages which their 
advocates contend for, in their adoption, are, principally,— 
greater power, lem weight, and leas room occupied by them. 
There n this considerable disadvantage in attempting greatly to 
increase the velocity of vessels by the application of engines of 
hi^h power: that the moving force in vessels must he IncreaBed 
as the cube of the required velocity ; so that, if steam vessel 
be impelled by an engine of fifty-horse power, at the rate of 
six miles an hour, to obtain a velocity of twelve miles an hour, 
it would require an engine of four-hundred-horse power. This 
renders it impr()])able that engines can ever be applied, of such 
power as very greatly to increase the velocity of steam vessels* 
The application of steam to land carriages will not have tins 
difficidty to contend with, as their velocity will be nearly pvo* 
portional to the power of their engines. The quantity of fuel 
expended in increasing the velocity of a steam vessel must vary 
as the square of the required velocity, as the time occupied in 
moving through a certain distance varies inversely as the power 
of the engine ; so that^ in increasing the velocity of the vessel 
from six to twelve miles an hour, the quantity of iuel must be 
four tirne^ that consumed when the vessel moves with the first 
velocitv. 

The advantage to be obtained by high-pressure engines, by 
the reduction of their weight and the space they occupy, is cer- 
tainly important in vessels ; particularly the diminution of their 

room, as thereby a greater quantity of fuel can be taken on 
board. The diminution of their weight will not be equally im- 
portant in all vessels, as, in some services, heavy steam vessels 
will be requisite. 

One of the benefits of high-pressure engines on land is, that 
. the principle of the expansion-force of steam can be applied 
much more advantageously to high-pressure, than to low-pres- 
sure steam } but this advantage cimnot be conveniently obtained 
in vessels, from the increase of machinery which it would re- 
quire. In land carriages, high-pressure engines are necessary, 
from their inability to carry cold water for condensation ; but 
in vessels, the surrounding water affords a ready supply for this 
purpose. 
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grMt mefliflu to higb^piiiMHe iP|iilll» i« thiir 
grMitef dwpgwr of •Kplotion. In lQw**pm»ure •nipn^s, Ui# 

steam acts with a force of fronn two and a half to four pounda 

a scjuare iiicli of the boiler; while, in hio^h- pressure en^^ines, 
,whi(aU Uave to act ogain&t ttie pres»nra of ftUaoiipli^r^t the 

fon» U generally from 40 tp 50 pounda on % aqnaio ioct^ 
«ad fr«qiiuitiy muoh movt. Tho oonatai^t aotloo of thif 

enoTpnous forca an materials gradually heoomitif waakar, 

pud the deficiency of the strength of wlti4;h is trc4Ui3i.tly 
not discoverad till ^viiiced l^y its con^equeiic^y ^rious 

ohjectiooa ita iiio» whatfvai canfideii^ wa lai^t^b*^^ 
m tli« kmmlodgo of th^ fogiooori wlio adaptad Ui^ atrangib of 

the parta of the engine to the atrain wfaioh they have to aiiatwm 

;iud in the attention of those to wliose care it ii» iutrusted. Too 
jinuch reliance is fr^^^u^i^ plaited on Uiq aafety-valve, striQt 
Al;teiltioii.$p whicl^is considared by many a» aU that ia necea* 
a«ry to prevent <be exploaioQ of the boUera ; thffre ^^^^ 
evar,caae« in which no attentioii to thf aafety^valvea can preveoft 
it, — indeed, in some iusLanees, the opening of the safe ty-vaWa 
may occa,sion it. The uiii^r (^padieuts ior allowing the ateam, 
when raised to aii excessive powevi^ to eacaps by having parts 
fiUed to tile hoilar, which ahoiild give way to a eerUio higk 
pressure, or should fuse at a certain increased temperature^ art 
also in some cases equally uikl\ ailing. Instances have occurred 
in which explosions have taken place, when immediately be- 

forei the cugiu^ has worked fdowly^ and the height of the 
colmoo 0^ mercury in the gaga haa haan lesa than uauid* When 
the fon^ of Ika ateam gm^tutUbf increasea by the action of the 

heat, it is generally iadici^ted hy the rising ui the column of 
mercury, and in those cases, the safety-valve strictly attended 
to, and the other expedient^ ensure the safety of the 
boiler* Qut wh^n the ateam is auddenly raiiM to a very hi|;b 
power, these moans of safety are frequently unavaiHog« 

M. Marestier has lately published some remarks on tlie 
explosions of steam engines, and on precautions to be taken to 
prevent them/' in the Amaks Mantinva^ Calimaks. His 
ihfory of the explosion of hoilers of steam engineq^ differs ia 
aome respecU ftrom that of Mr< Perkins on the same aulj^^s 
given in his late papers, M. Marestier, in this ii^qnious 
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pape?,' abieml, ^* tlic • raos^ impottant remark whieh w 
g«ste<l by the examination of the circumstances which liave 
accompanied the tat»i ^plosigjas which we apf cousideriitg^ i» 
%h9,ty ahnotl atwajn^ Ihete are ilgiii thiil thm w«ii « dffiieiciiicy 
ol wjMjwt in iKr tMNQoi . If we mdMt lh«l th» wnter, w 

tnl&amli supply oi tht l»f»ler% has l?ft a purt of th« sicle9 
exposed to the fire uncovered, this part no long^er serviiiij lop 
ihe foriQatica) at the steam, thti (;oluim oi m^r^'ury wiil h^ 
v99y §om to fall ; mhI it will bmm u pcoiMy ry tQ itcmt^ dii 
vM^lllh of the &r«, in aider tQ 4fnw %\^ other purii «f 
iMiltr el) iKe steam yukiek it required. The unopvered auis 

face will acquire a high temperature, and will even became of 
a red heal ; it wiU tr$^nsmtt %part of ii4 qalori^ t<i» tiw cx^^fior 
iidcs, a5) well aa lo |Ue eteem, wed will, perhapst <lcK}oi9po«e a 
portiQB of the Mem in ei>ntap|i in abeorlmg Itie wyKi^n wbieh 
it €Minleii|ey as heppeee when the ky^roiren Qf the weter i« ex-* 
tracted in a cannon raised to a i c <l heat. When this is the 
case, traces of oxidation will be found on the (l^etal, which hs^\f 
eemetiines heen remarked ailer the explosion* The temperi|i* 
tttfe of the mtM whiie it ia eewered wUh wec«ir» i« tiUte more 
th«n that of tiie water, at least if the metel ie not verjr thick* 
Immediately it receives caloiic, it oommunieates it to the 
water ; and if the water is already hot, it fama bubbles of 
steam, which increase the excesa of tt^ calorie ) so the^ if the 
fire did not Airnitlh o fresh supply of its ^ lo^tal wai4d be 
iaeitaatly hfoiiifht to the temperature of the weter* When the 
water does not cover entirely the stoves and the passages of the 
Hame, the caloric accumulates iii the poitiun of the metal 
which is In oonti^ only with the steam ; and if» ky ^ny cause, 
eiieh> for inetenee, aa the ineiinetion of the ateain veeael, the 
water spreads suddenly over the fed-het parta^ it aeises on the 
superabundant caloric, and the instantaneous production of 4 
certain quantity of steam is the result/' 

M. Marestier proceeds to determine the quantity of steam 
whieh may be preduoed by the endden eontaet of a certain 
qeantity of redrhot iron and water. He 4etemiinee» that in an 
engine of a hundred-horse power, as much steam as the boiler 
contains may be suddenly pioduced by the contact of the winter 
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with a square metre of the sur£it€e of the boiler, raised to a 
red heat, so that the force of the steam would thereby be nearly 
doubled. By the contact of the water with two, threes^ int^ 
square metres of red-hot surface^ the force of the steam is 

rendered triple, qiiarli nple, &:c., the force it had previously. As 
the surface oi the boiler of an engine of a hundred-horse 
power presents about a hundred square metres of surfaee ex- 
posed to the action of the fire, it may be easily conceived, he 

observes, that many square metres of surface may become red* 

hot ; and, consecjuently, that a violent ex])losioii may destroy 
it, if it \& neglected to-keep the water in tlie boiler at a proper 
he%ht. 

He continttes, ''I have indicated the mofements of the 
steam vessel as one cause, which may bring the water on the 
parts of the boilers rendered red-hot })y the action of the fire; 
but I do not believe it the most common, and it will not explain 
the explosions which take place in establishments on land. 
Iiet us conceive that, in a boiler, the temperature of the water 
is at 105 degrees, the force of the steam above the pressure of 
the atmosphere will be, measured by a column of mercury, 
about fourteen centimetres high : if the steam can issue freely 
through the safety-valve, or through any other opening, this 
force will tend to reduce itself to the atmospheric pressing, as 
the steam disengages itself, and to descend to 100 degrees. 

**Lct us suppose, for instance, that the boiler contains 
28,000 kilogrammes of water, which is the capacity of the 
boilers of a certain form, for an engine of a hundred-horse 
power I these 28,000 kilogrammes of water, in passing from 
the temperature of 105 degrees to that of 100, will lose, each 
of them, five degrees, and coiisequentlv, together, as iiiuch 
caloric as is necessary to raise 140,000 kilogrammes of water 
one degree of temperature ; but, as we have already remarked,^ 
. that it requires the quantity of caloric which would raise 560 
kilogrammes of water one degree, to make a kilogramme of 
water pass into steam ; that which would raise 140,000 kilo- 
grammes of water one degree, would make 250 kilogrammes of 
water pass into steam ( since 250 multiplied by 360 give 
140,000); and as each kilogramme^ of water furnishes. 1700 
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litres of steam, we may conclude, that the water of the boilers 
will be reduced to 100 degrees only after it sliail have disea- , 
gaged a quantity of steam equivalent to 425,000 litresj or to 
425 cubical metres of steamy at the degree of tension of the 
atmosphere.*' 

' ^'ITiis remark shows why steam takes much time in di$en« 
gaging itself, when the safety-valve is opened. Immediate^ 
the disengagement commences, the pressure of the steam oa 
the surface of the water diminishing, it IS no longer only from 
the sides exposed to the fire that the bubbles rise ; bubhiei are 
formed everywhere, which augment the volume of the water, 
and raise its ievel.^ There is also another cause, the effect of 
which is particularly sensible in the boilers with plane sides ; 
these sides, pressed less internally by the steam, in proportioii 
as it loses its force, straighten by the eifcct of their elastietty, 
diminish the volume of the boiler, and contribute to raise the 
level of the water.* 

FVom these considerations, if they are well founded, it 
appears clearly to result, that at the moment when the salle^* 
valve is opened, a great eflTervescence must manifest itself in 
the boilers; that, as well from this cause as from tlie effect of 
the straightening of the sides, the level of the water must rise ; 
and that, if any part of the boilers exposed to the fire, having 
been left uncovmd by an insufficient supply of water, has 
acquired an elevated temperature, the water, in rising over thli 
part, will experience an extraordinary ebullition, and will de« 

1 "The water is ihen io the stete of a Uqtiid containing g^as in solution, 
such as effierirescent beer or wiue : as soon as the coric is drawn from the 
vessel wliich contains it, an infinite number of bubbles show themselves in 
the Ihjuid, and increase its bulk so as often to make a great part flow from 

the vessel. 

* • •* After the boiler'; have been some time in use, they ^etout of shape, and 
the surfaces which were at first plane, become cuiuuiunly convex, externally. 
When the atmospheric pressure exceeds Uie force of the «team, the faces not 
bnly straiifhCeD, but STen become sniMenly ooocave. This change, which 
almost elwayi takes place with a noise, because all the parts of the boiler 
vlbralt^ ooeasloat a rtnsafkablo eltvatloa of .the vaSsr $ ImA somUmms. ihis 
devatioii Is not perceived in opening the cocks intended to mark the lere^ 
because the air enters, and neither water nor steam escapes ; we can then only 
lodge that the level is above the oocki, hf the noiss the air OMkes in pasriag 
tlueugiiiiMwalsr. 

It 
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viiopt sim ttittnw u w ly n great f wntitj «f tleviii' vUdi nuqr 
nmr ths moal terrible explosion.^ 

The fiist consequence of this conclusion is^ thai ihe greatest 
care tnusi ba iakm to keep IJte water in the boUers above iJ^ 
mafmcei eatpoied to the actitmqf thefire$ the secood is, that 
ii^ bjr n^Mgtnee or any other caus^ tbe water Is lowered, aad 
haa left a part of the atoirei, or of the pawaget of the flaoae 
uncovered, the safety-valves and fusible parts would become 
dangerous precautwm : it would be imprudent to give to the 
elwm an issue of any exteat| we would advise that the 
five be iM>t that the doora of the etovee he opened to ren- 
der the fire less aett¥ey aad if it can be done, that a part of the 
water of the boilers be drawn off, in order to iiitiadLice cold 
water, but without allowing the level to rise to the parts of the 
boilers whieh have been uncovered ; that the engine shoald 
coatinoe to work, but that the expenditnre of the atepna be 
regulated by means of the register which is on the tube of 
communication between the boilers and the c \ linJer, so tliat 
the elasticity of the steam dimiaibh slowly ; and if, when the 
register is quite open, the elai»tiiuty should contimie to inprease» 
that Mad or eindexs be thrown on the burning eoal% or even 
Ihat the ooals should be gradually withdrawn.* 

When the temperature is reduced to 100 degrees, aiid the 
maiiumeter indicates that the steam has no longer any force^ 
the safety-valve may be opened withoui iaoonvenience, and the 
nse of the hand<>poaip may be continued to finish fiUii^g the 
boilers. The water only rising slowly, the steam will probably 
not be formed sufficiently rapid to produce an explosion : hoW" 
ever, if these parts should present horizontal surfaces too great, 
and the steam should be observed to be disengaged too aboodo 



1 '* la otin toioieer Om b«9MS wi ilMtt vt^eU light, lea mitMrit eit- 
Milto4mrlhssi<)««tlhasittthsh0iI«rtaolSAili tUe passa^ of th« Oust 
m eUwer uul m0M niintMMit | the wster it slio sooner ourisd oil', and ths 
iteom diaeof agts itself with aore difficulty. These ore lbs rensout that ths 
oxplosloM ore move frecfueat in vost^U than oe Isnd* As the supply of ihe 
water liiiiM sheviosion, it hspftns that U is sjisyswisd toe faef whsa twe 
boati are ioeompetitioD. 

^ ** As every fsudden change is to be feared, water should not be thrown 
either into the stoves or on the fire. We do not tbiuk it would he right Ui 
slop the machuiq, ualess the force of the steam Uiminishef M j^^fHf^y* 
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andy by the safety valve, it would be necessary to relax in 
working the haud-puuip, or to stop it till the boilers are cool^ 
(be fire ahould not be rekindled, till tbe water baa entirely 
eoreved the stores end the passages of the fleaie*'' 

Mr. Perkins constdera the excess of the caloric in the steam^ 
as one of the principal causes of the sudden production of 
steam, which frequeuUy cau^^es the exploiions of tbe boilers ; 
M. M«ureetiert wbila be admito its e^^tioop cflnsideri that U If 
Iqr DO toeaaa the principal eanse^ attribitfiog this effiset chiefly 
to theeontact of tthe water with the heated inetal. They agree in 
the danger occasioned by the safety-Viiives upeiiiug ui case of the 
anddeu formation of steam | their principal difference in practice^ 
laomMialts in Mr. Perkins eonaidering that the machine abould be 
fCopped, w)tik JML Mareatiar recommends that it ahould eoi^ 
time to work. In other respects their practice would beveariy 
the same. Tlie most iiupoi taut precaution against tius danger, 
agreeabie to tiie reasoning of both, is Xm keep the boilers su&* 
Mently jBUpplied with water, that parts of them may not beeone 
red-hot, which is the cause of the sudden formation of tbe eteaaa 
wfab^ paodttces the explosion. 

A coesideration of the causes of these cxplosious bhows that 
very considerable professional knowledge, as well as the great- 
eat jpMible attention, are necessary in taking charge ateam 
engines} and that there are additional dangers to be guarded 
against in engines on board Yeasels. In high-pressure engines 
the danger is unquestioiialily t^reater than in luw-prebbure en- 
gines, from the great fttrcngth oi Uie steam, the increased rapidity 
e>f the engines' wear, and from tbe stnong heat which is necae- 
" enrily kept up which not only destroys tbe boilers faster thaa 
with low-presBUie engines, but, in eases where the water does 
not cover all the pai ts exposed to its action, rapidly rendcis 
them red-hot, and increases the danger of their explosion. At 
the same time it must be remembered, that low-pressure 
eaginea are liable to the explosions caused by tbe sudden far* 
matlon of steam $ and althongh the causes which ordinarily 
produce tbeai aic aoL hi equal action in low-pressure as in 
Wghrpre«»wu"e engines, yet that there are dangers in these en- 
' also, which require the greatest attention of those who 

teiia dNi 4Nwaat w and 4b«i0a of jthev. Um-^imm»«iitim 

e2 
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ftdmit of a peculiar means of aacertatning the state of the boiler^ 
hj means of tubes^ which have their lower ends immersed in the 
water in the boiler, and their upper ends formed of a trompet 

shape, which emit souiuU indicative of the tbullltion of the 
water ; a precautioa which might geueraiiy prevent explosion^ 
in low-pressure engines. 

There may he^ and most likely will be^ cases, in which parti- 
cular services of steam vessels will require cmy possible advan- 
tag^e of power ; and in such cases high-pressure steam vn\\ be 
necessary^ and may be successfully employed. The adaptation of 
these engines to naval purposes is well worthy attention ; and 
there is no doubt that engineers will succeed in inventing pre-, 
cautionary means of reducing their danger. The tubular boileit 
of Mr. Gurney have .soiue peculiar advantages, jjarticularly in 
diminished danger and in the capability of quickly raising the 
steam. When this kind of boiler shall have been further 
Improved, it will probably be found to be well adapted for 
those naval purposes, in which high-pressure engines may be 
required. 

While high-pressure engines do not offer any great advan- 
ti^es in ordinary service, we consider that their greater danger 
< appears a sufficient reason against their general use* 

The proportions and forms of steam vessels have hitherto 
been but little investigated : while the engines which are to 
propel the vessels have heen continually receiving numerous ad- 
vantages from scientific inquiry and practical knowledge, the 
construction of the vessels themselves has not been much im- 
proved. If steam vessels were to be constructed entirely with 
reference to the moving force of the steam engine, their design 
would admit of a much nearer approximation to perfection, ac- 
cording to the particular service of the vesselj than at present 
can be expected to be attained in the design of sailing vessels, 
Whose moving force presents numerous difficulties in the mu- 
tual- dependence on each other of the form of the vessel and the 
masts and sails. Little has yet heen done even in this respect; 
but the adaptation of vessels to act efficiently as sailing vessels 
lis well as steam vessels, has been -yet more neglected. In 

Cy services steam will be only an auxiliary moving power $ 
the qiialitlta of a good sea^boat must not be sacrificed to 
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the velocity of the veseel, which is the chief conaideration in 
the caifttraetion of a vessel merely used as a steam vessel. In 

steam vessels intended for independent service at sea, their sta- 
bility siiould be particularly attended to ; and, to possess this 
quality in a proper degree, their breadth will" require a great - 
increase. 

Captain Ross divides steam vessels intended lor war into four 

classes! ^ first, those intended for cruising; secondly, aux- 
iliaries to ships of the line and friG:ates • thirdiv, for protection 
to the coast; and fourthly, for despatches and convoys," He 
gives some general remarks on the form and fitting of these 
vessels according to their particular service : he observes, that 
the first class should be made to combine the qualities of a 
sailing vessel with those of a steam vessel ; but as sailing must 
in ail steam vessels be considered the secondary quaUty, the 
constructiott, or the proportions of a ship of this nature, must 
partake more of the form necessary to a vessel moved by this 
machinery, than to one dependent only on her sails. The 
lengtli and breadth ought to be greater in proportion to the 
depth; and a vessel of this nature must be also flatter in the 
. floor than is usual in sailing vessels." He gives the dimensions 
ef a steam vessel, called ^•The Tovm of Drogheda," which, he 
eays, is known to have possessed the best qualities, both u»- 
der the action of the engine, and that of the sails," which plied 
iu the Irish Channel. The sponcing of this vessel was formed 
by carrying up the timbers of the frame, curved outwards, to en* 
close the ^paddles above the water: a plan which he recom- 
mends for security and strength ; but vrhich, as it requures tim« 
bcr of considerable cnivature, and affords no greater strength 
than could be obtained by carrying up the timbers of the frame 
and having an independent framing, appears to offer no parti- 
cular advantage. Her length of keel was 116 ft.; length on 
deck 130 ft.; breadth between the paddles 23 ft;.; extreme 
breadth 27^- ft.; depth of the hold 13ft.j and draught of wa- 
ter, with engines and coal, but without cargo, Q/rft. The au- 
thor observes, the proportions of this vessel may be increased 
to the size of the largest ship in the navy; in which case it will 
be necessary only to add to the number. Instead of the ii«e of 
the engines. The stem and forefoot of a steam ship of this 
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kind should l)e mmm, md with alknit an inch in the foot more 
fake than tii Bailing vess^^h; bat the keel oi^ht to be cqaaBy 
Seepi the object of theftntMngto give the fttddermmeo^ 

f the second, to profit toWog drfl *<Hing 
leeward when cruising under sail. Th^. bow, above water, 
ought to be full ; forming, with the stem, nearly a horizontal 
semielrcte, and with the forefoot, « ireitteai one f winch j^ro- 
|Myfti<M httfte been fosnd best both far stfe^ Mt lelMfJU 
The floor ought to be flit, both for tiie eidce of bimn lIiil^/IMI 
convenience ; because aressel of this constnictiou will displace 
less^ water, or at least, the water which she displaces, will be 
neeret the surface^ whenee she wttl require less lerce to impel 
h^ffirodgh it. The ron ooght to be vei^ deanj ihidiiil ^Igllnt 
to draw rather ttiost water abaft. The tudder HioMi^li^liB 
proportions, be one-fourth, or according to the length and size 
of the vessel, one-half broader than in mailing vesiseb ; the di- 
teetimi of the tesael behig» while under the power o^mmm» 
often entirely dependent oft the bdm | the fttcm|kist aiiiFlM* 
der also both ought to be Secured in the strongest possible 
manner. 

With respect to the second class of steam vessels, those in- 
tended as atudliaries to ships of the line and frigates^ Captain 
Ross obsefres^ that as sueh A vessel cah Always be taken in 
tow, tinder other drtumstantes, her masts or sailing qualitiee, 
are of much less importance than in the case of a cruizer. The 
Weight and solidity of a vessel of this kind will always be an 
advailiage^ inal»tnueh as it will add to the momentum ; or^ when 
otice set in motion, the vmtim will be more able to over- 
come the inequalities of reaistatice^ oecasloned by the sea octii^^ 
on both liips. Vessels constructed for these services should 
therefore be made as strong as woc^d and iron can make them 5 
indeed, they may be so far fortified as to resist shot at' any die* 
taiices where it would take complete effect in the sideb of her 
eonsoft^ at atiy rate, the part which eontidns the maehinery 
should be fortified in that manner. The dimensions of this kind 



* T%ls reoiftrk we coosider accidental, as the author, no doubt, is fully 
aware, that, whatever be the form a vessel, it displaces a c^uautit/ of water 
equal to its «v eight; 
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of ship should be nearly those of the vessel already mentioned^ 
except thai tho shcNild haire two feet more depth of hold, to 
etmtilB her b(riler% and other parte of the tnachineiy, Id he 
placed under the water-fine; which, with the eKceptkm of the 

shaft and crank, may be easily done. There are inventions in- 
deed whieh, if thev succeed, wiil remedy that tlefeet also, and 
thereby render the auxiliary steam vessel, not only perfectly se- 
ewe finom iojurjr during li general aetioni bat fully able both to 
miMt in hoping her contort in her station and in annoying her 
opponent A more minate detail of the construction of this 
kind of sliip must be withheld for obvious reasons. As to the 
masts and rigging, being objects so comparatively smail^ it ia , 
aaly mqnnite to aay that they should be coastructed so as to 
lower mtifily dowb, when the vessel i« wanted far serviee. 
The engines will of eonrse be powerfiil in proportion to the mm 
of the vessel, which will be depeiulciu oti iier consort for fuel, 
and she will either be always towing, or in tow of her con- ' 
Bort." 

Hie third eJaaa of steam ressels, those designed for the de- 
fence of the coast, Captain Ross describes as not diflbrmg in 

the construction of the hull from cruising vessels j the only dif- 
ference requiisite being in the masts, sails, and rigging. He ob* 
aervcsy that ^* as the quantity of fuel is of less importance, the 
Angtnea may he nade mofe powerinl, and secured Irom the e^ 
|Mts of shot at a distanee of aix bandied yards/' Sketefaes 
are given of the method of protecting the vessels by a convex 
covering, " the details of which," the author says, he " withholds 
for obvious reasons." The sketches convey no de&nite notion 
of the manner in which it is to be carried into practice^ aad 
inight hava been omitted without diminutiim of informntkm. 

The fourth class of steam vessels, those to be employed in the 
protection of the trade and coiivoys. Captain Ross observes, 

should combine the qualities of a sailing vessel and those of 
ii steam yeasel i and^ indeed, would differ very little in the a|^ 
.fiearaiH^ of the hull from a sloop of war* These veaseb will 
sail fMter under sail only, than most of the convoy of oommon 
merchant ships; and if they accompany a convoy of Indiumen, 
they can be kept in tow by one of the fastest sailing ships, while 
Ae will be at hand to tow the ladiamaniaher tnni| wbeniialm^ 
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or ill light winds. The engines bhoulcl he more powerful, oa 
purpose to tow up those ships which get astera and to leeward ; 
and as they will look to the ships of the convoy to repknith the 
luel when required^ thej will be able to afford more room *§mt 
tbe machiiiery.'' He coniidera Che praportioiis of the eteam^ 
ve«el before- mentioned, the Town of Drogheda, as well suited 
to this class of vessels. 

Captain Rom makes some obtervatlons on the masting and 
rigging pi ateam mseb | but "nniformly intists on the eecoiMl-. 
aty importance of every thing conaeeted with the «aBing of 
these vessels. He considers that «ill steam vessels intended for 
sea faervice, not above the size of a frigate, should have three 
masts; and those above that size, four masts. Schooners' 
masts are recommended as the guide in dctermimag the pro- 
portions of the masts of steam vessels : ledoemg the lengths of 
the lower masts about one-^iird of those of the sailing vessds. 
The topmasts are recommended to be light, and to be always 
struck before a gale, and when propelling against the wind : 
that there shonid be no top-gallant^masts ; and that cross* 
trees shoidd be used instead of tiap%* The fofe*m«st and 
ndaeii-^niast are recommended to be placed dose to the ex- 
tremities^ to assist the steerage. It is also ob.scrved, that the 
yards should be small ifi. proportion to those of a schooner; 
and that the sails should consist of a Ibre-and-aft sail to each 
mast I these being tntended ior tiie usual wants of the vcssd, 
while there 'riiould also be a trysail to each mast, to be set in 
storms. If rigged with three masts, she should have two top- 
sails ; if with four masts, three ; no topsail on the mizen-mast 
being necessary in any case. She should also have two storm- 
stoysails fitted to the short topsail-yards, and made of stmt 
canvass ; the use of these being for die purpose of scudding, and 
fotkfing-to in a storm, when the sea is heavy. A square-sail 
should be htted for the fore and main yards ; but that should 
always be set flying; or, in other words, from the deck* Lower 
and top-mast studdingsaib may be also used at times with ad« 
vantage ; and there shoirid also be a staysail to ea^ mast, to* 

gether \wth a jl!? and flying jib, as in a sailing ship," ■ 

The rigging required for steam vessels is necessarily much 
less than for saihng vessels j and may, by attention, be made t^ 



Digitized by Google 



> t 

Mm(orks m Stem Vemk* 249 

hold but little wind. Ca})taiii Ross recommends a decrease in 
the number of the shrouds rather than in their size 3 and .that 
|he topiuMt riggiug may be lowered 00 deck with the topmaets^ 
and the bncee tent down with the yards^ &c. He observet, 
that tiie bowiprit should ''be Hfell 'Secured^ as, in propelling 
agaiiibt the action of the waves, it will frequently be severely 
tried; the bobstays should be double^ and also considerably 
stronger than those required for a sailing vessel of equal ton- 
iNf^; the bowspcit should also be double*ganunoned» and on 
the upper side, well supported by an oak fish. The jib-boom 
should also be strongly rigged, with double guys leading to the 
forecastle, and httedso as to be quickly and easily sent on 
deek.'' 

Thfong^KNit all thesa remarka, the sailing qualities of the 
nessds are not considered of that importance of which we con«> 

ceive they will be fuuud in general piacticc. The relative di- 
meusions of the steam vessel, the Town of Drogheda, which are 
rocommended Ua adoption in their design, will afford .but little 
stability, and in case of their being, by aceident to the enguie, 
eoMpelled to depend wholly on their sailing qualities, the ves- 
sels would not be able to cany a sufficient quantity of sail to 
heat to windward, which, in the instance of being embayed on 
a lee-shore, would probably be fatal. The variation in the ra* 
laaivedimeMiona and form required for different servicee ana 
BOi Milici«itly defined. It may be observed also that the ve- 
commendation to construct bteam vessels of all sizes similar to 
-this vessel, would give very different qualities to larti^e and 
amaU vfltaeb, although it is to be supposed that it was intended 

' them all to poasess equal ^pmlities. Why the boWf aboiw 
dMfMrter, should form, with the steal, nearly a hofiaontal sa- 
micircle, and with the forefoot a vertical one," to give safety 

" and velocity, no reasons are adduced; except the assertion that 
tlMse proporttoos have been Idund best both for saiety and 
vtleaity/' The essential properties of a atefun vessel depend 00 
many other elements of the design; and eertainly in a greater 
degree than on these ])articuhir forms, even supposing that rea- 
son had been shown for their adoption : sucli as the proportion 
betwim the length, breadth, and depth, the total displacemenlt 
llm am and fom of the nndahip aactiont the 
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tity and disposition of the weights. The flatness of the floor 
reconimende(] is detrimental to a fine run to the rudder, and to 
lateral resistance, both very important considerations in the con* 
fltrtietion of all vesaeis. lliat a Teatel with a flat floofj with a 
given displacement, will displace the water nearer the sarflkee 
-than a vessel with a rising floor, is tnie only when the breadtfi 
is not to be increased in the vessel with the rising floor ; but 
even in those steam vessels which do displace the water nearer 
the snrface than others, there will be verv little iliiereiNttlMke 
direct resistance, as the total draught of water of tftM^Wik 
' h always small. This principle, in the resistance offl ut ii ylr lrt- 

quently much over-rated, particularly in steam vessels, as it re- 
quires a depth of about thirty-three feet below the surface to 
double the pressure of the water on a given mirfacer iH-ehips 
which draw from twenty to twenty*five and t1ffenty <il i /f i rti^ »f 
water, this principle may be with more propriety oon s i d ef d la 
estimating the resistance they experience in inoving in the 
water. - 

The construction of steam vessels offers a very extensive 
Held fdr the range of theoretical and praetieal invtitigiitkm. 
The snliject requires an attentive eonsidetlitiim hi detail itadir 
the following head§ : the size of sCeani'iFesselt aeeordln|t to 
their particular services ; their relative dimensions, form, and 
stowage, on which depend their capacity, stability, velocity, 
roBing, pitching, steering, and masting | the kind of e^pBc 
best adapted to naval pttrpoees, liie eitiiatioii, mmbar, a«d 
fbrm of the paddles, and the fuel tot the engine i tlw firacti- 

cal construction of the vessels for strength, and for protection 
from shot ; and the best means of arming them. The prac- 
tical connderation which these parts of the subject hafa al- 
ready received^ we treat will ipeadiiy be iattowed by mon aa- 
iensive mveatigations, by wMeh sine nd fmetieal lasnlto mj 
bte obtained. Mr. Tredgold's division of the subject in his 
tenth section of liis treatise on steam -navigation, is the most 
comprehensive yet attempted, but his iavestigaticms are very 
famikBqiuite to hie desiga ; ahenld ha faaama tba MiiQaai^ we 
may hope il will receive more adyimtayi Iroto hie kboan* 
The deterinhMitioii of Iha ^ of eteam vessels §ox. different 
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iimices and pardeular stations, w9l demand much eonMera- 
tvmy and ^at knowledge of the hwbottrs and coasts they 

will be required to navigate. Though a swperiority of number 
rather than of size will be advanta paeons in engnji-ements be- 
tween fleets of steam vessels, yot the size of steam vessels 
will, in some cases, be of equal importance to the size of 
kttlinj vessels $ as their weight iHll greatly increase riieir 
momentum when they attack an enemy by the impact of 
their pruws, and will also be particularly advantageous in 
towing other vessels. The relative dimensions of steam vcs- 
,sels have generally been determined arbitrarily, with little re- 
•fef e ilce to the elements of the design their tariation aflfeets. 

Mr. Bnchanan hr his tteatSse on steam boats, makes some 
observations on the stability of vessels, which evince but little 
knowledge of the subject. He remarks, that experiments on 
dlflhrent bodies would produce results by means of which tiic 
c o mpa h tti ve stability of various forms may be estimated ; and 
gives the results of expertnlents made by Mr. Gore^ nirho ttn« 
dertook to arrive at conclusions on a subject by experiment, 
^^•l)ich is capable of correct measurement, firom the lineal di- 
mensions and form of any vessel^ and from the determination 
of Its oentre of grwity. Necessary as experiments are m the 
invcat|g!ation <^ many of the laws of fluids, particularly in the 
T«iisiafie6 which "bodies experience in tiloving through dtem, 
the} are wome than useless in those departments of science 
which depend on well-known mechanical laws, which can be 
With eOltaAnty applied to practice ; as ^e best models are Ha- 
hi* to ineorreet adjustment, and^ in most instances, can oidy 
AtfMMilhle ^e resnlti with neenraey in tho simplest cases* Wife 

do not want to be informed by experiment of the force which 
will incline bodies of various forms to different angles from 
the upright position : we can with accuracy and certainty de^^ 
tannine this by lineal measurement and caleulation i and if the 
results of experiments on this Subject shotald not agree iMk 
bur conclusions, we are quite suie that the disagreement aris^ 
from errors in the experiments. If the knowledge of the prin« 
dples of naval architecture were generally better understood^ 
much trouble and expeilii^ might bo liav^d, in making ^xpeH- 
ments, which very imperfectty show results. Which are alnad|r 
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well known to those acquainted with mechanical science. Mr* 
Tradgolds inmtigation of this subject, though very differ- 
ently coadncted, will be found not more mefnl in practice. 
He diatinguUlies the stability of veeaeb by its being longitudi- 
nal or lateral : on the longitudinal stability, he observe,^ '^a ves- 
sel at rest would be least disturbed by the motion of the sea, 
if its surfaces at the water-line were vertical cmes; and the 
fore and after parts of the same figure ; but in motion it is an 
advantage that the parts should spread above water, both, fore 
and after^ to prevent the vessel burying its head in the wave, 
or droppinp^ behind as the wave leaves it. The quLintitv of 
motion it not increased by this construction, provided the 
parts produce similar effects, and the d^ree of in c lination 
should be proportioned to the veloctty the msel is espected 
to make. It is also obvious that the vessel will be more easy 
in its longitudinal motions, the more gradually it terminates 
at its extremities. If the vessel be inclined by the action of 
a lateral force, the longitudinal motions will be more easy in 
proportion as the cross section approaches to that of a solid , 
of revolutiott. On the lateral stability, he observes ''the ine- 
quality of the surfiicc of the sea w ill alone produce consider* 
aJ»ie lateral motion, if the sides be not sensibly vertical, hence, 
m sea^vessels, lateral stability should not be obtained by form 
aft the sui£soe of the water. The next important conaidera- 
tkm is that the stability should be equal throughout the length*'* 
111 these remarks there is a great want of perspicuity as to the 
roiling caused by the action of the waves, and the stability, or 
force by which a vessel, when inclined, is restored to- its upright 
pasitton. Itis alsoiasplied iatlMse e^ieervatkwB^ thatvettioal 
shUs do opt give the freatest slahili^ as. to form | whareaa 
with a given length and breadth, it has been proved, that the 
stability in two vessels, cceteins paribus, is the same, the sides 
of the one of which are vertical planesy and of the other^ 
SMS' of parabolas of any ordv, fallii^ out above and foiling 
w hskiw the water line ; and that the stability of both these 
vessels is greater than that of a vessel whose Mdes are planes 
inclined outwards above the water. These observations are 

1. See Atwood'i» paper uu tUe stability qI bkips iu the l^ii* Trans, of th9 
Royal Sockty , for 1 7 dd . 
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correct only as far as they show, that the momentttm of the 
strokes of the waves is greater in ships which project out- 
wards above the water than in those wilb iipiight sides, which 
is in consequence of the direction of the stroke passing at a 
greater perpendicular distance from the axis of revolution* 
As to the stability being * equal throughout the lengt V no 
auch condition is necessary, either for equalizing^ the strain of 
the vessel, or for regulating the motion : the inclination caused 
by the moiuentuni of the waves can be overcome only by the 
stability of the whole length of the vessel; •and the regularity 
and ease of the vessel's motion in inclining are produced 
alone by the momentum of stability increasing gradui^ly ; and 
by the centres of graviiy of the parts immersed and emerged 
by the incliiiatiun, cdntinuitis: always in the same transverse 
plane, by which diagonal inclination is prevented. Mr. Tred- 
gold's mathematical investigation of the stability of vessels 
whose transverse sections are parabolas of difierent orders^ k 
erroneous, from his considering the parts imniersed and emerg- 
ed by the inclination as triangular instead of paral)o!ic areas. 
The stability of steam vessels, which are intended for sea-ser- 
vic^ should be always correctly deterinined, not merely in re- 
spect to the inclining force of the waves, hot also in reiation to 
the Inclination caused by the sails. The velative breadHi of 
vessels is the principal element of thiii quality, and it is ehiefly 
to the determination of this dimension the first consideration 
should be given ; the form within the limits of the immersion . 
and emersion may then be considered. The position of the 
centre of gravity of the steam vessels should also be correelly 
ascertained. We consider that the stability of steain vessels 
will require to be considerably increased, which must be done 
by increasing their relative breadth, in order to render then 
safe and efficient vessels in tiie eietenstve services in vriiieh wv 
expect they will be employed. 

' Althoui^h the velocity of steam vessels lijis received more 
attention than their other qualities, very little practical benefit 
has yet resulted from it. Steam vesseb, however, are likely to 
recciive earlier advantages from tlio results of experiments on 
the resistance of fluids, than other vessels, from the nestrer 
agreement of the uioiiou of the uiodels u^ed iu the experi* » 
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meats with the motion of steam I'cssels, than with the motion 
of sailing vessels. Mr. Buchanan explains tlie nature of the 
9litgect as elucidated by Sir Isaac NewtoD| M« Buaty Dr» Ech 
ImboR) aod other«| and givei the results of the best experi«< 
ments made on this subject. His remarks are rather of a ge- 
neral character, than directed to a particular applicaliuu to 
the forms of steam vessels, Mr. Tredgold s theory of the re- 
aUtauce of fluids is neither marked by any elucidation of thei^ 
action, nor by any excellency of mathematical investigatieni 
he has, however, by neglecting the most difficult parts of tlie 
subject, obtained a rule for calculating the resistance which 

vessels experience in their motion, which appears 
fgree tolerably well with the experiments made by Mr. Bfvan 
on canal-boats* The late experiments made by Mfr. Walker 
w^th boats in, the last India Import Docks, the results of whidi 
are pul)lished in the first ])ait of the Philosophical Traiisac- 
tipns of the Royal Society for IS 28, are amongst the mo»t 
usefiil attempts recently made for the improvement of our 
Ijuiowledfe of the resistance of fluids* His ingenious me^ied 
of obtaining the resistanee, without inchiding the friction of 
the machinery of the uiuvin^j force, or the friction of the 
connecting line in the water« renders his je^lts worthy of par<- 
^^ukr attention* . A spring weighing macliinc was ^xeA 
i^ar th« bow of the boat, the dial laid hori^ntally, so i|s t9 
be easily seen by a person on board $ one end of a line three^ 
eighlhb of an incli in diameter, w.is :ittachcd to the hook of the 
•l^ing, the other end was earned ashore and attac^ied to 4^ r^i 
or barnl three faeft in diameter, the frame of which was firmly 
IlK^ in thie ground, end the hendks of sutteient. le^>|^.|Mll 
t)ie neeesaary number of men to tnrn the barrel. The veleei« 
ties weic calculated from the tune of passing through 17^ 
yardti, or one tentii of a mile ^ but to obtain uniform velocity^ 
the boat was at each experiment drawn over twice the ^tffrtU 
end tht liiS ymds taken in the middle of the distepiea;hy$^ 
marks on the line. The time between the two mark* ecMBoing; 
to the edi^e of the dock, wa* carefully noted by a person sta- 
tioned there for the purpose. Three persons at least were on 
board tlie bcuit ^ the om to read off the strain sluuvn upoa 
tl^ dialmry two seaoodt^ one to write thm dowsi and # 
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third to steady the hoat.^Tlie index of the dial on hoard the 

boat measured the resistances to the boat only. The experi- 
ments iu the following table were made in a fuU-huilt boat 
loaded with two tons, two cwt.j •xckwive of the men. The 
Ungtb of the boat upon this surface of the water was eighteen 
feet| six inches ; the breadth six feet ; the depth' of immersion 
two feet ; the whole depth of the 1)oat being three feet, leaving 
ooe foot above water^ and the greatest in^m^rsed cross section 
wpa ftet. 



Mamber 

of 


Seconds in 


Miles and 
decimals 


Actual 

resistance 
in polled*. 


Cftlcalatfd resist* 
ance in pQundo, 
taking No. 5 as 

staitdard. 
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82.81 
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2.465 


10.08 


18.85 
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140 


2.5;l 


U.OO 


11.80 
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Ui 


2.488 


it.80 


U.889l9fMl 


6 


148 


2.571 


12.00 


11.88 


7 


120 


3.000 


14.80 


16.06 


8 


120 


3.000 


14.00 


16.06 



^ In almost every experin^n^ tte resistanot shows an in- 
crease amounting to the square of the velocity ; but where the 
velocity is considerable, the resi'^tance follows a btiii higher 
rotio^ and thi9 in open water, in narrow canals the increase 
B8wt be considerably greater.'' 

The experiments hitharto made by Una genHeman, are inter*- 
esting, rather from the manner in which the results were ob- 
tained, than from aiiy excellency in the design of the experi- 
mentsy as calculated to afford informatiosi on any part pf thft 
subject hgC already attfsmpted. ^ however^ be inipumia iis» 
tbnt he ioteods to prosecute th« 8u)>ject^ we may look forward 
with interest to a more extensive series of experiments, and 
we hope by especial attention to some particular objects, that 
the subject will obtain some practical bi^efit from bis iabouriu 

, 4i 8i greww i t ba foui>d fecty^ his yya Mplto (hpafi . 
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of the French Academy, and those by M. Bossut in the abso- 
lute resistance, may probably be accounted for by an attentlott 
to the resistance arising from the different forms of the after- 
parts of the bodies used in the experiments. 

In calculating the resistance a steam vessel experiences, the 
resistance of the paddle-wheels in the direction of the v^sel's 
motion should ])e added to that of the vessel, estimating the 
resistance of the paddles by the relation of their velocity to 
that of the vessel. This is neglected in the calculations of 
the reristanee of steam vessels hy authors on the subject. The 
same result might be obtained by subtracting it from the re- 
sistance of the paddles in the contrary direction to that of the 
vessel. As the size of the paddle- boards, in relation to the 
whole plane of estimated resistance, is influenced by this consi- 
deration, it certainly merits attention. 

The paddles of steam engines have engaged the attention of 
engineers and others, as much as any part of a steam vessel, 
and considerable knowledge has been obtained on the subject. 
Their situation as to the length of the vessel, however, has 
not yet been strictly d^tfermined: the principles whidi, in 
sailing vessels determine the situation of the centre of the sails, 
do not determine the situation of the paddles. Some steam 
vessels used on rivers have their paddles abaft the vessel, by 
which ^ther are protected from collision with other vessels ; but 
in a sea this disposition would be disadvantageous, from ihe 
paddles being alternately immersed by the vessel's 'scending, 
and raised out of the water by pitching. In some vessels the 
paddies have been placed in the middle, transversely, by which 
they are undoubtedly well protected, but their effect in propel- 
ling the vessel is much diminished by the current and eddy 
Water. This is the chief defect in the American steam frigate, 
l*^iich was fotind to move very slowly. The most convenient 
situation of the engine, for general service, appears to be near 
the middle of the length, where it can be best placed for stow- 
age, for the disposition of its weight, and for suppcM't in the 
fun part of the body ; in this situation it also admits of bein^ 
well protected. The effect of the paddles on the water is 
greater ])cfore the middle than abaft, from there being a cur- 
rent ruQiuug towards the stern^ abait the greatest tnmsveiae 
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aeetiony caused by the rising of the water forward ; so thtt the 
best sitaayon of the paddles^ Is probably a little before the 
middle of the length. 

Mr. Tredgold*s investigations and remarks on paddle- wheels, 
arc valuable and interesting. The form of the paddie-boards 
which he recommends, decreasing in breadth downwards, is 
whnuitigeoiis, as *^ by this form, the resistance to the paddle 
it least when it strikes the %\ ater obliquely, and increases as 
its action becomes more direct,'* He recommends the form 
of the paddle-boards to be parabolic, although he does not 
show this to be the curve of the maximum effect | the prin- 
ciple, however, is given, and th% only objections are, the dif- 
ficulty of the security of the paddle-boards of this construc- 
tion, and the £:;ie<iter brt adtli of paddle which is required } the 
increase of breadth would not, however, be so great, as to be 
any great practical objection. Snbstituting depth for breadUi 
in paddle-boards, preserving the same area, has been recom-* 
mended for diminishing the exposure of the paddle-wheels and 
boxes to accident ; but the effect of the paddles is thereby 
greatly diminished, and cannot, therefore, be adopted advan- 
tageously much beyond their present limits. The number of 
the paddles is restricted by the necessity of there being time 
for the water to flow between them, so as to aflbrd a proper 
quantity of re-action/' and that they may " clear themselves 
well in quitting the water," Experience shows that the number 
should not be much greater, than to allow, as one leaves the 
water, the succeeding one to be vertical. To reduce the uneasy,' 
tremulous motion in steam vessels, the paddles have in some/ 
been placed ol)li(]uely ; and, in others, narrow transverse pad- 
dies have been arranged so as to form a spiral round the wheel : 
both these meUuNis reduce the power, although they succeed in 
rendering the motion more equable. 

The tactics peculiar to steam vessels, are not less important 
than their construction ; and it is gratifying to perceive, that 
this part of the subject has received, by the valuable labours of 
Captain Ross, at least as great benefit by the illustrations and 
directions given in his work, as any other part of the subject 
has yet deceived: the whole of hb remarks are desetvlng of the 

s 
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gfeate&t attention. He oQtaqMiiQes (hU part of hU wor|^ by a 
OMi4mtion of thft Miehom m«t »ppfopfi«tt for a aieam veatd, 
which, he obaerves, ^ may be considerably IfM in wsiglity than. 

those re<iuired for a sailing vessel ; first, beeaate htr mosts, rigg^ing, 
and upper vvorkfe afford less hold to the wind, because her length 
ren<i^ Uer a better roadster) And because she draws less wataiO* 

Ha roepiomeii4> «hiun caWe«i wbiA may be used in utmimag the 
aWp I and that the mesteoger may ha coaaaeled with thvebki^ 
ci the engine, by whieh it may ha easily hove up* He eiheerte^ 

that iu a calm, a. bliip should have steam-way by means of the 
engine^ before the anchor is let go, and that from five to 4en 
fathPWf i|ccorili|ii to the d«{^ of the water> shaaM hatraered 
to oaat the anchor, by which a ehain-eabk wiU never gttfmh: 
la.anchofing In a tides*way94he sUp^s head should ahvm ^iia 
brought to stem the tide, whatever the direction of the wind 
may be; and the ship (should gq a stern before the anchor 
is dropped* In fttHng at anchor In a aterm, the an§iiaii|ar' 
he nsed with great advqntnge, in easing the strain on liia elihiii^ : 
by which the ship will ride more easily, and by whieh the eabla 
and anciior will be greatly assisted. Steam vessels, by these 
means, often ride out a storni, when sailing vessels are driven 
fram their anchors ; and should the cable party the engiiia may 
<iften save the vessel. 

Captain Ross makes some excellent remarhs on the use of 
sails iu steam vessels ; but, we think, witliuuL estiuiatiiig their 
advantage so highly as their use would justify. In light 
hieea#s» he observes^ that even with the wind four points before 
the beam» tlHSfe will be an advantage in setting the faie and aft 
smls, as these satiny when there is a little swell, will keep tha 
ship steady, and allow the engine to act more regularly. He 
observes, however, that the sails should not be Ufted when the 
direction or strength of the wiaa is variable, as more will .ha 
lo9t m trimmings and thus dc^viating fnm the course, than 
would be compensated by any trifiing advantage. When 
there is a light breeze abaft the beam, he recommends, 
that sails should not be used if they would not propel the vea^ 
sel with a velocity of at least five knots an hour, unless a try^ 
sail he used to prevent rolling. When theie light breaae 
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^thl iitt» hi vtOMMidi Che uSk not to bt wm^ mim Hmt 
YiMty affNM hj Iha Mok would exceed that produced 

by the engipe. 

The advantage of the steam engine is partifiulAriy feit in • 
whif h many «l tot fttivd woMld ba lam dangtHNis to a 
alMm y«Mal iban to a aailing vMtli in4aad> it waa by aona 

considered^ that galat wooldba fatal to steam vessehi ; whereas 

experience has fully established, that they can often weather 
storms which prove iatai to sailing vessels Captain Hoaa ob*, 
9arvasy that a steam vessai hat cxaotly tha maatt^ rigting> and 
tails, wbieb would be OMMt advantageoui to a saUbigmial iu a 
atmij and better tban tbay really can possess, being able to 
show more canvass, antl consequently tu keep her head-way 
better ; that she wUl be more weatlieily, and not be so apt tQ 
fall oS, and that drawing less water, she will ,be more lively j 
$JA tkm advanttget sba pocs a wo a uiidar oapvais owfy$ >ut 
wtm the afiaet of tha ai^ino Is added to these advantages^ tha 
author observes, the question of safety ii> beyond a doubt. We 
consider, however, that a dehcieuuy in stability with the usuai 
importions of steam vessels, must be seriously felt in a gal% 
Sifhen tha msel is dependant only on her saik, 

Captain Ross remrks, that it is ftilly established by experi* 
enee, as well as by theoretic reasoning, that the best way for a 
steam vessel to make way to windward, is to propel directly in 
tlie wind's eye. He points out the necessity of the greatest 
glt^ntiao being paid to the managewant of the helaft at tha 
momentof a squall or audden gnst of wind, of when a.haavy 

breaker deadens the vessers way when propelling against a 
gale, in which cavse the helm should be put in midships, when 
(ha helmi-man will soon feel whioli way it ought to ba turned 
$0 coualeraot tha effaets, and she will ctftan ba pravanted from 
Jmig famd from her course, by aacb ti«:ialy and jvidioioiii 
management 5 but if every effort to prevent her falling off her 
course is ineffectual, no attempt must be made to bring her 
jiead agam to the wind, until she has completely regained her 
Taloaity, which is dona by steering for a few miavtes abont 
amn points froaa tha wind, and than a laU oc aaaodaratamiar 
ment must be taken advantage of, to put the helm down, and 
.thf^n her course will eeaily be resumed. Ab lon^ as a ^iieam 
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res^l can be steered against the wind and sea there is no dan- 
ger ; this atsertion, however, is not iatondfid to convey the idea, 
that pultiiig tha bead to the storm is always the best or satet 
posttioa a steani slup tsan be kspt in : on the contrary, she 
would be much safer and easier, unless the swell w so short that 
her length is sufficient to overcome its effects, with her head 
two or three points from the wind's direction." 

In seoddinic before a gate, the roUingol a-sleam ^ressel IS 
quick, from her being retetively-very narrow, whieh canses the 
paddles alternately to dip and rise out of the water, by which 
they sustain a great and irregular strain, in this case, as well 
as when the gale is on the quarter, the engine should be 
vntked only with a moderate forae* In scnd«ttng beisre a gals^* 
the steam engine is, perhaps, lest ndtantageons-tiMm^hmy 
other state. 

There is no operation in the tactics of sailing vessels aftd 
Steam ve&sels, in which there is a greater diiference, than in 
dianging the direction of their eoutse t in taekfaig a sniliiig 
vessel) the forces which produce the notion are cmnpKcated) 
and require skill in their management ; while, in a steam vessel, 
the operation is perfectly simple, nothing being necessary but 
the use of the rudder. , When it is necessary to turn a steam 
vessel in a abort distance^ the force of the engine nmt abraja 
be reducedi bywhiqh the space reqinred for tummg is dimi^ 
nished. An account is ^ven of some experiments made 
to ascertain the difference in the time niid space required to 
turn a steam vessel in a calm, round to the opposite direc* 
tlon, by stem-way and head-way. In the tot experimenti 
** the steam vessel was at rest in a calmi the helm vras p«t hard 
fo starboard, the ship was impelled a-he&d by the power of the 
engine, which made thirty-six strokes per minute, when she 
described a circle, eight times her own length in circumferencei^ 
having returned to the spot from whence she set out nt four 
minutes and two seconds. The vessel being again placed in her 
original position, and the helm' pot a^starboard as before, the 
ship was impelled astern by the power of the engine 5 which 
made thirty-six strokes per minute, when she described a circle 
six timearher own length in eircumfeiciiiee^ hanhg reCorned to 
the spot from whence she set out, in three mifttcs^ and seven* 
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ImijMCMids; pnivivg^ ihitia a 4»lii^ svhoi iiopo#er acted ^ 
upon her but the mgine^ the revolmion can be performed in 
one^foarth lees epaee, and in one^fifth less time, by what is 
called a stern-board" The second experiment was made, the 
helm being hard over, by suddenly slowing the engine/' after 
itbe Teisel had made about one«£rarth of a dicle in turamg 
ipandy the paddles being' prevented ftom either^ impelling or 
^B^ieding the meel; wkH head-^way, she arrired half her length 
within the situation she started from in nine minutes and nine 
UMWnndSj having described a spiral arc of seven times her own 
JkmgHk with siem^WKif, ehe arrived her whole lengOi wi^ 
^llM^Milia^tibn' from which ehe atartedj in six minutes and two 
aefe gi nd i, having desieribed a spiral are of «ix times her length. 
These experiments show that the direction of a steam vessel is 
reversed in the least space by a iiow motUm and by a sien^ 
iioard^ The stem-boaid is, howerer^ onlj lecommended in 
pnoMate,' mother; in a storm it woidd be dangetdus,- and 
fibMM be adopted only in great emergency. 
/ Captain Ross accounts very satisfactorily for the difference in 
.the effect of the head-way and stern-way in turning the vessel. 
:He observes, this is to be accounted ior by the action of the 
jrudder being more free from the influence of the eddy, or badL^ 
iwater, and by its being constantly kept, by the action of the 
water upon it, close over to the side of the stern-post, makins^ 
A constant angle with the keel of about thirty-six d^reea. Ail 
^fae water which acts upon the nidderi passes it thus from a»stem 
In a horizdhtal direction $ whilcj on the eontnuy, when the 
yessef has head-way, the action of the radder is diminished by 
the eddy which constantly follows the ship, to fill up the water 
.which she displaces, and the water which acts upon it does not 
i|iass it in a horiaontal direction, and that which the ship has 
ipessed over^- by rushing upto johi, filling up tha water displaced 
by the ship, does not take the direction wfaidi has most power 

.oil the rudder." 

y- Excellent remarks and directions are also given on the steer- 
jOge of steam vessels ; on their coming intOy and going out of, 
barbours ; on their service on a lee-shore $ on their being taken 
a-back ; on their assisting ships in distress^ and on their service 

in case of accidents to boats« 
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attached to fleets : these vessels are supposed to be fortified 
•o as for the huii and machinery to be protected at the dis»> 
Moee ^ 600 yards. ^ This importint aud iatemtiiig portiofi 
:4»f mml opemtfoni^ hasi hjr €he inrndttction of iceai^, i rthiifl 
• complete irevoltitton) otid in many instances Its pHnclpl^ and 
practice are reversed. Formerly, the i>liip to wiiulward was 
universally allowed to have the advantage, find to obtain ilie 
^muUkm'''gm^ef waa consideifd by a British o^er the fimoMp 
^lovtetoryi but now the ships or feet to leeward wttMbfa-'k 
'daeided adfantage, because It wiU al ways be in thoif* pdi9c94t> 

■brini^the ships to \vinfh\ ard to action, nv dnuMiug or trebhng 
the number of steam ships to the chasing ships. For instance^ 
•we shall suppose that tfao hostile fleets each Coniikt of twenty 
^tail of the Una^and that each ship has a steam boat HboMcib 
*her'; it is efndant that If in* both fleeu the steam ^tsiria %on. 

applied individually to each sliip, the .ates of sailing would be 
equal ; l)Ut if the fleet to leeward applied aii her steam vessels 
.*to one half. of the fleets that is, two steam vessels to eadi of^be 
tan ahipa composing that half, the oonseqaence! must fi^^ 
4iMf would come up with the rear of the weaker m f amMmi, 
for if their opponents did the same, they would tow awav one 
half, and leave the other half unprotected, and would eventually 
he obliged to bear up tu their assistance, when all that they 
4iad gaiocd would be loeti but It would be always in tha^:ptiiwlr 
«f the chasmg ships to retuni to their friende if ten' liaKi 
pressed. On the contrary, if the fleet to windward is chnsint; 
that to leeward, the whole would be before the wind, when the 
dilTerence in sailing between steam vessels and iailitif;r^a|il|n 
would be so little, if the bieeze was fresh, that Ui« evihtr«w«M 
tMt be mnehr accelerated by that or any other methoflV- la 
diasmg, therefore, the weather-gaugt^ is no advauiuge, yet the 
state of the wind and weather must h( considered. If there 
is a fresh breeze, so tliat the rate of sailing between etaatt^hnd 
sailing ships is nearly equal, let their positlous bo Whd^> itHff 
may, the chase will be tonger, both in time and distaaeo V 

Indeed, it will be judicious not to apply the auxiliary 

steam ship, until the wind has moderated so considerably, that 
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the appiicatiou of steam Would increase the velocity of the 
ship by one-thlrdi" This particular service of tteam vesaefe 
itppeairs tbclesem peci]liAi> atteittioti, bein^oike of the aerrlces^ 

in whieti thi# fcOUntry i§ Hkely to receive greater advantage from 
the application of steam to naval purposes than other luitions. 
« It is recommended ttiat the auxiliary steam-vessels should be 
krge and heavy, that tiieir tttomentum may the better overcome 
the iifiock# the W&ves, and inay present a regular attain ott 
6<>Mbi^. Great attention should be pdd to the steerage 
of the towed ship, to counteract atiy disadvantage from th^ 
manner in which the steam vessel carries its helm. " If the 
mBUjlk ^mtl eerries a iK^ther-^helm, the ship should steet oil 
tllfc weather qnatfteir, or a little to windward of the Wake of the 
lt«M ^eiiel, attd the comrtiry if she earries a ice->helm ; While, 
(f a-midshij^s, she shoulrl steer in her wake." A diagram is 
given to show the manner of stationing the auxiliary steam 
Vessel, so as best to assist rhe sailing vessel, ivheti brought intd 
Mtlon. tt is to placed oh the opposite side to the enemy. 
Mid ailMtied to the ship by two tow-ropes, leading frt)m the 
how and stefn of the sh^p to the fore towine: timber-heads of 
the steam vessel, with a guy on each tow-rope leading to the 
bow and stem of the steam vessel. When it has perfo^ibed its 
WrViee to the ship it may tiike its own stadon as drcutnatAitees 
May i^qtdre, to assist in the engagement. An important service 
bf the steam vessels will be after the action, to take possessinti 
.^f the disabled ships of the enemy, and to assist ships of their 
tfwh fleet : a cdnfliet between the hostile steam vessels will then 
. fiecessaHly take plaee | and the Importance of their ovm nieana 
of attack and defence Will be apparent So great indeed Hirill 
their Importance then be, tliftt on them the extent of the result 
t>f a victory will in a great degree depend. 

Captain Ross proceeds to consider the methods which will be 
employed in the attack and defence bf hostile fleets composed 
Only of steam vessels^ He observes, that as the fiottllas will 
assume the eluuacter of a battle between armies, and their dis- 
positions will be extremely similar; the main body of the flotilla 
Will be composed of powerful vessels, whose paddles ahd ma-« 
chinery must be well protected ) and there must alvmys be A C6rpi' 
dt reserve to supply the plates of disabled vessels, and to siip- 
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port any part tliat may be broken andpeaeCrt^ed by the enemy/' 
lie deacribei^ by diagrams, the order of sailing which he consif^ 
den best for 60 sail of steam vessels. Three divisions are 

formed of 15 vessels in each, with a sufficient distance between 
them to contain two half divisions. Each of the three divisions 
is formed of four lines; the front line composed of four vessels^ 
the second of threc^ tlie third of four, staUoned as those in iim 
lirst line, and the fourth of three, stationed as those in tlie 
second 5 the flag-sliip leading tlie van. " By this arrangement 
each vessel is kept out of the wake of. the next a-head ; so that 
if any accident hiqppens she will be in the best position Mther 
for assisting or avoiding her; it is also the best adapted fior 
formhig the various posidons of attack and defence.'* Thete* 
serve is foniied into two parts, stationed a-stern, " in the po- 
sition the most advantageous to supply the places of the disabled 
vtasek, and to protect the fuel transports, if any are with the 
flotilkk." Captain Ross eonsideie that ^ until steam vessels are 
constroeted of a much larger size than at present, tiie Une of 
battle will not be put in practice, but it will be formed more 
quickly from the order of sailing in two or tliree divisions than 
in any other way." Two methods of forming the line are de-^ 
•eribed : the evolution most approved, as the least liable to lb^ 
broken, is performed by the flag-ship felling into the centre 4if 
the first line, by two of the vessels of the second bne taking their 
stations between the other vessels oi the first line, and by the 
third vessel of the second line taking its station at the extr M y ty 
of the first line and by the third and fourth lines forming 4. 
line astern of the first Ime^ the vessels bein^ stationed so ns 
to be between those of the first line. The fastest vessels arc to 
be stationed in the rear, in the order of sailing, that the line 
may be formed in the shortest time. When the coiurse is to 
be changed, either i}i the order of sailing or the line, the «vo^ 
hition is to be performed by the stern-board ; by which Bfiuch 
time and space will be saved, as shown by the experiments 
previously detailed. A single line, with the flag-ship in the 
middle, is formed into a double line most expeditiously by the 
vessels a*stem of the flag^ship propelling^ and by those a-head 
using a stem-board* 
**The modes of attack in an engagement between steam 
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ymeb are more mous^ and will depend more o& the dcill both 

of the commander-in-cliief and every captain iiidividually ., than 
in any former system of naval, warfare ; but there are also sever 
ral general laws which are essential. The first is» that number^ 
although inferior in force, will often have the advaiita§ey and 
it will rarely happen that three small steam ships will not cap- 
ture two large ones. While an engagement is going on be- 
tween two and two^ the unoccupied one will always be ^le to 
take a position to destroy the others or to disable them, and 
decade the cooqaest; it will therefore be always the bsst pUui 
of attack, to double on the adversary as soon as possible^ in 
order to disable him immediately. To effect this the double 
column is necessary ; and each ship of the enemy attack^ by 
two, leaving the rest of their line unoccupied to repel an at* 
tack, the flotilla should be formed in a double linc^ in ordsK 
that they might be better able to prevent doubling upon them^ 
and that they, in their turn, might double on the assailants. 
This will also be the province of the ships in reserve, which 
should always amount to about one-fifth of the whole floCiUa*'' ' 
..On eouToya by steam ships Captain Ross observes, ^ one of 
the greatest advantages that Great Britain, as a eonmetdal 
nation, will reap from the introduction of steam navigation, is 
the protection which it must afford to her commerce. At the 
first view of the subject, it may appear that a steam privateei; 
might capture a merchant ship wifh great facility^ by her su* 
periority in velocity, andsuoh is certaiply the ^EM^; but on th^ 
other hand, it must be taken into consideration, that the mer- 
chant ships will be protected by steam vessels, \\ hich must ren- 
der the capture more hascardous, and ail efforts to carry off the 
prise abortive* A convoy of sail, bound to the West. In-^ 
dies, was usually protected by one or two ships of the. line or; 
frigates, and two or three small vesseb ; instead of which three, 
or four steam vessels will be substituted ; and this force will 
not only be much le&> expensive, but much more effective in 
every respect. They will, in the first place, be better able to 
keep the ships of the convoy within its limits, to taw up bad 
sailers, or ships that meet vidtli accidents, and to take positions 
the best adapted for its protection. Admitting that a steam 
privateer should board and capture a merchant ship of the con?* 
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voy, it i« manifest that she (Cannot t(>^v oi\ the prize so fast a* 
the protecting steam ship can follow both; and therefore a re- 
cttptliM must be the coiwequence/' Whether the nttmber of 
^UNUtt feMelft which will be ueeewary are here luid^rfated »ay 
ft|^|^ 4eiibtlh)$ but that sleani i^eMelt will aflbrd gireatt*^ 

protection to a convoy than sailing vessels appears certain. The 
steam vessels will have the advantage of being supplied with 
liiel \3ff the tneiTchaiit ihips. A diagifam is given to fthow the 
tlinler ^ aaflitig best adapted for the proteetidti of the cdnroyj 
•Ad many indiiahle bbterVatiwis are givca on faking shipi ttl 
tow, and otluT ])Lirtic ul[iis relating to the conduct of the fleet. 

*l^he defence of our coast is the most important considei atiou 
aODneeted with ateatn nairigation. That steam would supply a 
powtf to FVance capable of itliraditig our eoaats, if delbndad 
dfdy by sailing reMM^s, We readily admit; W When Ofiposad 
bv ottr steam vessels, the dangef of sUch an attempt Would be 
so greatly incfeased, as to render its desii^h e^(t^eInely im*- 
probable, atid its eicecution, we consider^ Wholly impracticable* 
The teility of beiag always able, with steam veMels» ftt^ eotteeiH 
tHite any fote« Which might be required, would teod^ir a geilke- 
ral en^ageriiout necessary, the result of which3 whether we 
should obtain a complete victory or not, would necessarily so 
disaUe and dimioish the invading fleet, as to render a retreat 
AeeCMary. 

The advantage atfbfded to ottf colonies by steam tiavigatioti 

will be very great. It will afford much greater protection from 
piracy, and greater security from j^liipwrL ck. Passages, at pre- 
sent dangerous, wrll be rendered safe. " The windward pas- 
sage to Jamaica will, by the help of steam ships, be always at^ 
taiaable. The natigatloii of the Red Sea and the t^rsian 
Otlph, with the channels through the various straits in the pas- 
sages to China, will be thus also rendcrod safe and easy." 

At the conclusion of Captain Ross's excellent remarks on tlie 
tactics of steam navigation, the importance of establishing re* 
gulatiofts for the eqoipment, appointment, and matiagement of 
private steatn vessels Is shown. To the want of these he attri- 
butes the nunu l oiis accidents which have occurred. He re- 
commends the appointment of inspectors at the different ports 5 
Who should be Capable in i|il respects of examining the vessds. 
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mtiA the ffiWshineiry, ai wen as of ascert^ning the qtuMeatbtiB of 
ihM) inttttsted with llntit fXiAnag^ttient Sttth ati anrangemeift 
mM ti6 AoMht be enenHed with the mdsl faenefldal eflfeete. ' 

On the whole, the work of Captain Ross is by far the most 
valuable of any yet published on steam navigation : it is {» 
«oiii)fMrehensive In it» general view 6f the subject, as minute ih 
tts delttih Its ^eeReoeies are most appMiit In thdse kttbjeeCi 
-immediately (*onneeCed with nailtieid science; And Its <H*- 
ficiencies may be chiefly discovered in those parts which relate 
to the design and Construction of the vessels. 

Highly gratifying is the conelilsidn, thut the ehenge Whieh 
'teAtti ftuvigatiim is efteeting in tmiX nflbits, tmiy be rendered 
•n the whole fikvenrable to this eonntry ; and that it rttjuifes 
nothing but the energetic application of the resourceis We pos- 
sesS) to its improvement) to maintain that superiority iu naval 
•power wtiieh we now e^joy* 
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Afi.T* XVIII.— P/'o/jO.yef^ method qf mxikiny Rudders of Small 
! nnber^ aU Ciasses of Ships, By Mr. Paesdms (ffn^ 

• Thk rudders of men-of-war are made with pieces of timber 
of various lengths, each piece being the whole thickness of the 
Tiidder athwartshipS} the prlnmpal piece, that which forms the 
Mttdi extends m lo^ down as possible \ it is of finglish oak^ 
and its content is frequently, in large ships^ as mnoh as IM 
cubic feet : the other pieces are of elm and fir. I1ie use of 
luch large timber is very objectionable, as, independently of 
the diffieidty experienced in obtaining it^ there is a great pro^ 
bability of ito not being perfectly sonnd^ it behig generally 
)iast its prime, and therefore snbjeet to early deeay; and a 
defect which does not absolutely destroy more than one cubic 
foot of timber, maybe sufficient to condemn the whole 120 
ftet I the writer has seen such an effect produced by a cannon 
iholL To obviate tlwst objeetionsi the following plan is pro- 
pdSed fotf Slaking rudders with BfliiUef timber s^-A 
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h is proposed to make i iultlers of three thicknesses of plank 
or thickstuff, the outward layers, forming the sides of the rud- 
dtri being laid with the grain of the wood up and dowii^ and 
the middle layer hmng the grain of the wood in a foie and aft di- 
rection, square to the foreeide of the mdder; the ttrakes on eithfr 

side being so laid tliat their joints shall alternately be opposite 
to the middle of the opposite strake, and their butts give shift 
to each other, ao that each atrake on either side may have fs9r 
.tetunga in two atrahcs on the opposite tide : the n^idiUe tofftf 
that of which the grain is in a fore-and-aft direction, shmiUI he, 
at the head of the rudder, the thickness of the breadth of the 
tillar-hole, but in ao case to exceed one-third the thickness of the 
rodder-head, and should taper from thence to the heel, where it 
jnay he about one-third or one^fourth the thicknea» of Hm mlr 
der at that place; the tapering of the rudder in a'foi»i9n|fj|^ 
direction being taken wholly from the strakes forming the sides. 
Tlie butt of each piece of the strakes forming the sides may be 
fastened with two copper boit$ ; and the edges of the strakes on 
each side of the butts may be dowelled; other dowels may be 
equally spaced on the edges of the side-pieces, if deemed necea* 
sary. All the fastenings of the rudder-bands should be copper 
through -bolts. The upper half of the rudder may be fastened 
athwartships, between the rudder-bands, with copper iM^ts, 
about two in each side-piece, in each interval between the 
Imbds, with aa many additioiial hdta in the head as may be 
found necessary. The hoops at the head should be screw- 
hoops, to be tightened in case of any shrinking of the timber ; 
though to avoid that, the pieces forming the head of the rudder 
might be of teak or African oids, which is also more durahle | 
the remmaing pieces may he of fir, excepting those in the two 
foremost strakea on each side, which should be of elm, and may 
increase in breadth at the lieel according to the increase of the 
rudder; these pieces may be procured in one length. 

, Fige. 32 and 33 show the form and after part of the rockier of 
a first-rate; die side^piecea on the larboard aide are repre*> 
aented by the dotted lines % a, &c., the middle one being ten 
inches broad, and each of the others eight inches broad, making" 
26 inches, the size of the head of the rudder, in a fore-and-aft 
direction; the starboard side-pieces are lepvesented by thff 
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perfect lines &c., the head formed by two pieces, each 

thirteen inches broad, so that the joint of the two will be oppo- 
sUe the middle of the ten-inch piece on the larboard side ; the 
fore-and-aft pieces forming the centre of the rudder, are shown 
by the lines r, &c., and the ticked lines d, d, &c. 

The head may either be formed of three pieces on one side 
and two on the other, as sho^vn in Fig. 34; or of two pieces on 
each side, as shown in Fig. 35 ; the edges of the pieces being 
diowelled together at every three feet. 

By this mode of making rudders, the largest ]jiece of timber 
of importance does not exceed 22 cubic feet, even for a 
first-rate ; the requisite pieces can always be procured without 
^fficiiity, will be better seasoned, more free from deliects, 
and may be of more durable and better timber in all 
respects. An important and most decided advantage will be 
the facility with which a spare rudder may be taken in every 
vessel; for the rudder may be put together complete, except the ' 
lastemngs, with two or three spare bands fitted, the several 
pieces properly marked, then taken to pieces and stowed away 
between the beams of the gun-deck; it would then take but 
very little time to be put together again. The rudders of ali ves- 
. eels may be made according to this plan. 



Art. XIX. — Eairact J^rmn the Report of the Commuhn 
charged hy the French Government wUh the emmina^m of 

Woods iniporied from Africa. {From t/te Annaks Mari* 
tmaj 

, The timber imported from the coast of Africa appears likely 
to be in such general use, both in the royal dock-yards and in 
private establishments, that we consider the following tables 

of experiments, made at Brest, in June, 1828, by order of the 
French Government, to ascertain the strength and specitic gra- 
vity of the wood, and also the diminution of volume it sustains 
in the process of drying, may prove interesting* 
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(i) The H t 11;!) : 1 ill these tublfs are f\pr«sac«I in kilorrrammes, und the measaret in miUi* 
metres : llie kiiugramuie is ui a poand avuiMupuis, aud the millimetre is ,UlKi^ of an 

(i) The first sprcimrn broke w itboat ^vin; any warninf ; the others coiQinenced by crack* 
inr, but hy<Af- inimi-dmt^iy afterward*. The fnctate «a» short, espeoiaUy in the 

speoiipeus tAk«a (rom ikt hetud ui tbe ttee. 
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(t) Thfs wood gATe lereral slight enieks bcfefthreakiog. TItefiaaUitv wu of coniideniUa 

lengtb, and tho grain of the wood appeaiadi closely interwoven. 

(S) Tlie greatesit iliminntton <if voliiine was on the ude of the specimen the furthest from tha 
heart of the tree. The fracture wb> of considotahie lenj^th. The specimen No. 3, pj-oyed 
fteOTe. The t^ineii No. 4, was placed with tha aide netrifat'the heart of flia trea ap.< 
ward*, and it bagan ta crack at a Flexure af 7V nlltimetrfs. T!:c specimen fi[a« 4, wtft. 
^aced in the opposite position, with the heart down'w nrd';, and broke almost instuntaneodsly. 

(3) The first specimen broke short, and with little warning j the two others cracked soma 
time before bcaaUng, uid tba fkaetora waa of eoufdatabla langth. 
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^The Gail Cedia, though Icfs fle»ble, u toogher than oak $ 
and being as strong, without being heavier, may b^^uite as ad- 
vantageously employed in naval construciion as that wood; the 
greater uniformity of its grain, will probably enable it to resist 
decay for a longer period ; its red colour renders it preferable 
both for the cabinet-maker and the inlayer, although it is far 
from possessing the same beautiful vein as mahogany. 

"The Gonakier, almost as flexible as oak, and at the same 
time possessing one-half more strength and tuughness, is better 
calculated for the frames of ships : its hardness and weight 
must no doubt render it a very durable wood; the appearance 
of its vein is very similar to that of ash, but it is of a redder 
colour ; it is difficult to work, and particularly so to polish. 
An attempt was made^ but without success^ to make sheeves 
for blocks of it, 

" The Dethard, of equal strength with oak^ is more flexible^ 
but has not such elasticity ; its fibres lie in concentric layers, 

separated with a veiy slight silver grain ; it appears very well 
adapted for planking, and as a subhtitute for compass timber. 

*^.The Turtosa, which has rather, less flexibihty than oak, is 
superior to it in every other respect. This wood,, with the 
Gonakier, and also all the hard woods from Guiane, rend easily 
when exposed to heat ; they therefore recpilre care to be taken 
of them when they are seasoning. The Turtosa is nearly of the 
colour of pear-tree. 

*^ In recapitulation, these species of woods mi^ be usefully 
and advantageously employed in naval eonstructton, if they can 
be procured of necessary form and dimensions." 

The specimens experimented on were parallelepipeds and 
cubes. The par^ielopipeds, which were the specimens used far 
determining the strength, were five centimetres square, and the 
points of support were one metre distant from each other. The 
strain was applied in the middle, between the Jtwo puuits of 
support. 
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Aet. XX,— Ow the Means of Preventing Ships fnm Atchmg^ 

By Mr, W* Hbnwood. ^ 

That indieation of weakaess in ships^ known by the terms 
wcbing add hogging, is a eonseqvence of the buoyancy of the 

water at the ends of a ship, being less in proportion to the su- 
perincumbent weight of the hull and its contentSj than the buoy* 
ancy in midships. The gravity of the extreme ends and mid* 
ship part of a ship, and the corresponding upward pressures of 
the water, being yery unequal, and Tartable forces D^iich act 
incessantly on a ship from the instant she hr&t made to float, 
must necessarily impair her strength, and make her arch in a ^ 
greater or less ctegiee, howcfer strong and weli built she may 
(Originally hvrt been« The employment of means to diminklll 
the extent of this evil, and to retard its progress, is an object 
demanding the attention of ship-builders. 

It is well known, that about fourteen years ago, a very im- 
portant method of strengthening ships, by a diagonal framing, 
was proposed by Mr. (now Sir Robert) Sepplngs. The prin* 
eiple of the system of diagonal firamtng In ships is founded 
upon one of the simplest propositions of geoipetry, and c annot 
therefore be invalidated. Its practical utility appears, at the 
period just mentioned, to liave been manifested, by experiment, 
in a very sadsfisclory manner. 

It is related by Mr. Knowles, in his ' Inquiry into the Means 
of Preserving the Navy,' that, " to prove the efficacy of the 
plan of trussing ships, it was tried in a temporary manner in 
the Justitia^ of 74 guns, built in Denmark in 1777» and cap- 
tured at Copenhagen in 1807 : the ship being old, the ma- 
terials were in general decayed, the fintenings loose,' and she 
was so much broken in her sheer, that wiien taken into dock 
upon straight blocks, an alteration took place ot two feet three 
Incheaand a quarter, in each half of her length ; and when un* 
docked, with the trusses placed, she broke one foot two inches^ 
and five eighths* Twenty- four hours- produced a further break- 
age of two inches and five eighths. The temporary trusses in the 
hold were then disengaged, and an alteration of six inches im-» 

T 
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mediately took place in tlie sheer of the ship ; when the 
trusses, which were placed diagonally in the ports^ were taken 
Ofrtf the Mie four inohM> thus Mngiftg h^r to Imr anfjimti 
sheer. A great compiMm of the Aagmal pieces was every- 
where visible." 

Mr. Kiiowlea has not stated in what particular manner or 
positipn the temporary truiw Uk hold were ^xed *, but m» 
if Uny had heeH ^ ^ sivfa^y or in a j^itiqn whwh 
JMft imAy <k)Uieulfri with a horiwital thw with ik utrtM 
plane, it wQuld be utterly impossihle to account ibr the gooi 
e£re<;t they were found to have produced, it ia proper to men-? 
ti^n that theste t^mpQ^ary trusses ware piaiced ia iili4lhiji^ Utti- 
dar the' h#mB»> i» a loiigi|^Kliiia( and vartfeal plane* 

In 4|f^ flam^ tfi mJei^nd ih« nalufc of thf affpct kit 

tended to be produeed by the diagonal Training in ships^ »up« 

po^e four plank> joiiieti together at their ends, so as to lurm a 
square fr^aa^^ AUCD, Fig. 36, PI. 4 ; and let the side A^i h« 
fastened to the upright piU^ £F« it i» aVMlfat, tbat^hc^weyer 

sa^v^ly- the la«r pta^ha my be connapipd nt their the 

force of gravity will cause the side CD to dasftreiid. Mm- that 4e 

points D, C, will fall below tho lioiizontul lineb tlirough A and 
B. If a truss-piece be fitted diAgQnaily from B to D 5 Al> 
which is the si|^e tilings if a hraee ab \^ fiutaned. to Ap and 
I>C, pan(l)el to th^ diagonal ^C, and a tfws^pieee #, bi» j^im^ 
perpendieiilarly tp it 41 equally plfua that the side CD vnSA 
not descend, because its weight will be sustuiticci bv tbc truss- 
piece t. This illustrates the principle of diagonal fr^hig. 
The resistaaea a( th/^ truss- piece to the doscfnt of the ai^ 
CD ^ tha square fir^me, is praaiM^y i^milw to the msti/fim^ 
which it is intfnded thetmssnpi^^ ojT ^ 4lwnal fiapjS a|to^4 
present to the arching of a ship. 

If the side AB of the square frame, iuiatcad of being fixed 
vart^aUy^ were fixed so that tha {dana A|B€D would be in^ 
dined ^ tha .hop;(oo 43 degff^ tjim, effect ^ fliavity 9%t!m 
fliuiH» A^CP wQiald he the aaaie aa i( it^^graviti^u yaa q^^^sa^ 
by two equal forces^ acting on it, one perpendicular^^ an4 tha 
other pai killel, to the plane. And generally, if t;be plane AliCD 
he not verMcalj tha eifect of gravity will be the >same a% il tm^ 

i 
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on It, on© perpendicular and the otlier parallel to the plane, 
the former beini; in proportion to the co-sine of the ]i1ane's in- 
clination, and the latter to the sine. Were the side A B to be 
ftxod «o tiMt ABCD wottM bi^ horitoneal, the whole force of. 
gffttvHy would aot perpendlleiilarty to the plane ; and the weight 
of trMt-piece /, and diagonal brace ad, would accelerate, 
and not obstruct, the descent of the side CD. 
- To apply these remarks |—-aupp08e a ship of rectangular 
IbtM^ with an entirely flat bottom^ and perfectly plane and 
fiidaaA aidis. AUo^ aippoae tka wei||ht8 on hoafd aneh a ahtp 
lo be to distributed that she would have the same tendency to 
arch as a ship of equal u^aguitude, of the coinmoii form, stowed 
aa ahips usually are. If a system of diagonal braces and trusses 
were applied to the sides of this rectangular ship^ they would 
ba broaghl into notion by the tendency to areh^ in exaeCly the 
Mumt manner as ^e brace and tmss-pieoe of the square frame 
ABCD, when fixed to the vertical pillar EF: that is to ^av, if 
the substance of which the braces ami trusses were formed, 
wsaa parfeody bafd and inflexible, thay would aetoally prevent 
tiM ship torn aichkig« 

' If braces mid trossee were placed on the bottom and ends of 

such a ship, tliev coiiUl not possibly be broui^ht into action, one' 
upon another^ by the tendency to arch ; and they would have' 
thaeffM of iocfeaaing, instead oi dimialshiDg, the arching.' 
hut the angka of the reotaagular ship be now supposed to bo 
off, and her sides, bottom, and ends eomieeted with ctirred 
pieces of timber : her form will be assimilated to that of ships, 
tiu>se of the line especially ; a large portion of their sides, above 
and heb>w the watcr*a soriace, being nearly vertieol, and a eon- 
sidcraible part of the aarfaee of their holds being tciy nearly, or 
ffoh^ horiaontaL 

The angles of elcvatii^n of a number of equidistant lines 
diowo in athwartsbip and vertical planes from a line ranging 
tkra^gb the apfMf ends of the braces, in the hold of o first-rate, 
to 8 ItM paasaag thron^i their lower ends, have- been mea* 
' stored, and' a mean of tbtan taken. And as the devation of ' 
e;ich of those lines must be the mean elevation of the arc of 
which it is the chord, the mean elevation of all of them most 
bt tibo naohli airwiiinH above the hotiaon of the whole surface 

t2 
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iipoK wlikh the diagonal ftBiaing Ss plaeed. The mean angle 
of elevadim tfaw found does not exceed 40 degrees* So great 

a deviation from a vertical position of the surface upon which 
the braces are situated, shows clearly that the tendency of a 
«hip to arch, by whatever means it is opposed^ cannot be ad- 
iraatageoiisly resitted by diagonal framing iqiplied in the hold* 

A few remarks w9l now be made on the mode of construct- 
ing diagonal braces, 'i'ho^e usually ])laced in ships arc. in ge- 
neral formed bv three timbers, about 14 or 15 inches square, 
and about 15 or 16 feet long. The two upper timbera are 
imited by means of a piece of timber wrought upon them and 
hdted to them. The nuddle and lower tioaJbers ate placed atd» 
by side, for about five feet of their length, and are bolted 
together. 

Suppose the brace ab. Fig. 36, Fl* 4, to be formed in this 
manner, and i49plied to a square frame ABCD, of correspond-^' 
ing dimensions, fixed vertically ; and a tmss-pleee i, fitted alsoi 
in the same manner as the trasses of a ship. According to a; 

just and well-known axiom, the transverse strength of such a 
brace is only that of its weakest part, or the strength of the 
connexion produced by the two bolts which rniite the nuddle 
and lower timbers: and as It is upon this transverae strength of 
the brace the stifihess of the firame entirely depends, sneh m 
brace, formed of three or four pieces of timber, so united to- 
gether that the transverse strength of the whole brace must be 
insuihcient to preserve it from a tendency to bend considerably 
by its own weight, idien fixed on the fram^ can have very 
Httle effect in preventing the defiection of the side CD, com- 
pared with what it would be if formed of one inflexi})le timber. 

If braces like those in the hold i)f a ship, by being fixed on 
the perpendicular part of the sides, could be submitted to such 
a stnun as has been supposed to be brought' on one of such 
hraeesy when fixed on the square fiame ABCD, there is much 
reason to believe they would be Incapable of enduring it for a 
length of time. The greater part of the diagonal framing in 
ships* holds, however, cannot be subjected to such kind of 
action, as it is applied on a surface much more neaiiy hori- • 
sontal than perpendicular to the horizon. 

The einsumatance of the braces and trusses in ships being 
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coniiected with the sides, does not aifect the foregoing reason- 
^ng. It is essentially oeccfisary that tiie ^c^uare tranie ABC I), 
-^li^tfatt bfioe and tnut-picoe &nd to it, ahouM be^uoapaUe 
of arehhig by its own weighs in order that it migbt be<apaUe 
iWkiliiiny an additional weight on the aide CD imAaat 
being deflected. And, iu the same in-LiincT, if the diagonal 
i^amiiig of a ship could be detached irom her sides, and the 
(il^le iif it, by some meam or other, connected precisely in»tfe|e 
Jm(m:MaA position it had in the ship, and supported at tke 
niidiilfni'if tins diagonal framing, eould not then maintain it- 

, self ill tills its original foini iiiid poj^itioii, il \>> impossible Ur sup- 
ipose it could be of the smallest utiUty iu preveatiug 4^ 

' '^kition of the extreme ends of the ship, ^ > 

/(A emot be supposed that ships arch gradnally iMiii-.the 
:| ft lie » of their nudship sections towards their ends* Aiehing 
appears^ in general, to cunimencu from the points wliere the 

Opposing forces — the vertical jiie&&uje of the water on the bot- 
itom^ and the superincumbent weiglrt of the ship— are equal to ^ 
wit^Must^ The surface upon which the diagonal liraBuag is 
^UttMd between those points and the ends of a ship, 16 miieh 
more nearly parallel to the horizon than the midship part of the 
hold ; and consetjiientlv a diafjonal traniine:, ^vl^'n placed in 
•lihe hold, is the least calculated to preveut arching towards the 
ipil9^ « ship ; where principally, if not alonci this effect takes 
■jpliear In the midship part of a sliip there may occasionaiiy be 
a tendene) to sag ; and it is probable this is usually the ease in 
-4hc immediate vieinitv ot the main-mast. - ' 

braces and trusses he so hxed on the sides ot bhipd 
iHNt ibljjr would counteract the arching in an effectnnl mannetj 
\arlliqMMtant advantage would doubtless be obtained. It has 
eUarly hisen proved that no diagonal framing can possibly pre- 
vent arehinL'^, unless it is ujipHed on a surface nearly vertical. 
And the circumstance of the diagoiial irubse.'s in the Ju'^titia, of 
^.gffiMf referred to at the commencement of this paper, haviiig 
been piMed in a longitudinal and vertical plane> and having 
lyesn Ibond, whta so plaeed, to produce the desired eflMt of 
diminishing the arching, shows that the foregoing reasonittfl^k 
confirmed bv experiniej>t. That portiuii of a ship's f^ides which 

nipt nearly approximates to a yertical plane^ is that whieh^ is 
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adjiieent to the line of floatation, or the part between wind 
water. It is considered that a aiagonal frauaiig might be 
ftlaced on this put of \hit Mm of «hij% which would e^tualijr 

MMMft iIm anshiog* 

]&» fMOpcr to obieivty lh»i •bMm pttrt of m f hip's Mkiii 
more powerfully acted oil than any other, when the ship k 
iiiucii iiicliiietl from the upright position— -^incc a considerable 
fiorUou of tiie whok weight of the tapaides, decks, gum, 
Jiiiiti|iriggiog» SiCi, aoting cbmnml oa that {Mrt •£ the ham 
Mb ivhiokisiabave tht water^ simaws with the ptMnuie of kh^ 
fluid below to Btrain 'the tide tranmrecly with great fdfoef<«4t 
appears requisite the stiffness of the sides of ships, between 
wind and water, should be as great, at least, at tlie atiifness of 
any. other pift of thttr ftidat* When a ehip is inrlined about 
i2id<gree9 kom the opri|;ht poaUkai^ tha eivtof tha monglit 
ahova water it the eama at if ona^fairth partof it acted in an 
athwartship direction, parallel to the decks, to bead the sides of 
the ship to leeward, and the remainder in a direction perpeus^ 
4i9Uiar to tiie decks ( the forniei: being, in propottioft to the 

Jiptiot IJ attd ,tba laltiir to the.eo»iiiMt The fraih6.tli»ham 
ittr.the only egtctife.nmna of ptoduehig. due ttiilhaia tatha 

«d«f of thtps in the vicinity of the water line^ > > : ; 

If a system of c]ia[;onal braces and trusses could be applied 
oa th«, titles, of ships in the vicinity of the water line, they 
vrauM eoiuileract the tendeaay to ateh ifo Uia inott ei&etual 
meanei \ and they woiiH *t the tame timei affond an hiorcate 
of ttrength to this part of the aidet« Such a tyttem might, it 
is thouglit, be ndvantiigeously substituted fur the inside plank- 
ing below the lower deck portd : the powerful longitudinal coor 
AeKion^. formed by the walet at)4 phmkiAg on the ou(tid#i^j|^. 
4hipi» end by i^ha tbelf^pieoeti weterowayti end plankiiig on the 
hitidety w^iiM render the tnaU dimiiHitioii of kMigitudiud binc^ 
ing^ whieh would be occetioned . by such a substitution, unim^ 
portant ; and it would be more than compensate^ hy^ th^ 
streugthemng of the sides to support a transverse straiii^}^ 

Agwtral detcription will now be givea of the amnir if(, 
^Makk it 14 eonMdercd that braoet and tnntea might be apr 
|»Uad with advantega on the mott nearly perpendicular part of 
the tkiet of a two-decked ship. Fig. 37, Pi. 4, is a repretentr 
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ation of the inid^Kip part of the side of a ship of the liue^ with 
the diagonal bracea, and decks, and lower deck ports* > 
. The braces are inclined at an angle of 45 degrees to au 
atiiwartsiiip and vertical plane. Each of them mia^ht be formed 
of one straight piece of thickstiiff, of al)out the same thickness 
as that for the gun-deck clamps. The upper ends of these 
braces could be placed in the angles formed by the under side 
of the upper-deck clamps, (middle-deck clamps in three-decked 
ships^) and the fore bides, or the after sides, of the gun-deck 
ports, at'cording as the braces might be afore or abaft the mid- 
dle of the ship. Their lower ends could be placed about six or 
seven feet below the orlop-deck, in midships, rising gradually 
forward and abaft, so that the extreme ends of each brace 
might be nearly in the same vertical and longitudinal plane. 
The ends of each brace could be reduced to the thickness of the 
Upper-dfeck clamps : this would facilitate the operation of 
bringing them into contact with tiie frame timbers, in the 
usual manner of working plank. '1 he lengths of these braces 
would vary from about twenty to thirty feet; and it would be 
proper to make thrni of as great breadths as the thickstuff of 
whioh they should be formed would admit ; because their in- 
flexibility increases as the square of their, breadth, and only ia 
the simple ratio of their thickness. ' ' ! - / 

The trusses should be as thick, and about as brdad, as th& 
braces, and placed at right angles to them. The upper eiuls of 
the upper range of trusses could be disposed under tiie clamps^ 
and at the opposite sides of the ports, t^ correspond with the 
upper ends of the braces. The lower trusses could be placed 
in straight lines with the upper ones, so as to form, with the 
braces, a regular series of equal squares. 

As, by placing the upper ends of the aftermost braces under 
the upper-deck clamps, they would be very short, the aftermost 
two or three might l>e placed under the quarter-deck clamps j 
(upper-deck clamps in three-decked ships;) as the clamps, 
shelf, waterway, and spirketting of the roundhouse, by extend-* 
iiig several feet further forward than these braces, would make 
the sacrifice of the after end of those clamps, and the after end 
of the spirketting, of no consequence whatever. 

Short pieces of thickstuff could be wrought between the 
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braces and trusses, to support the beams, and to receive ttie 
Bhelf-pieces and water-ways ; — those of the gun and orlop 
decks. These pieces would be situated exactly underneath the 
lower-deck ports : they should be coaked to the frame timbers, 
to support the pressure of the decks and guns. The vacant 
spaces between the hraces and trusses might be partly filled 
with four-inch planking, and partly left open, to admit air to 
the frame timbers. Such a system of braces and trusses would 
require a comparatively small quantity of metal fastenings ; 
the bolts and treenails driven through the outside planking, 
would naturally form its principal security. 
*ilf a diagonal framing were to be placed on the upright part 
of the sides of ships, it might become a question whether it 
would still be proper to apply planking, or riders of some de- 
scription, in their holds. . . j - >• 

Planking, or riders, in the holds of ships, can scarcely be of 
any other use than, in conjunction with the outside planking, to 
prevent working of the abutments of the frame timbers, and to 
increase the longitudinal stiffness of the sides. But as the 
easiest and most effectual way of preventing the working of the 
frame timbers is to render the frames inflexible in themselves, 
by securely coaking the timbers to each other, it would be ad- 
vantageous, it is considered, to unite the frame timbers of large 
ships, in the manner described in Art. 2, No. 5, of this work, 
which would ensure a resistance sufficient to prevent this work- 
ing altogether. The expediency of increasing the longitudinal 
stiffness of the sides of ships may appear, from considering that 
when a ship is inclined, the pressure of the water on the lowest 
part of the lee-side is greater than on any other part of her 
bottom, and tends to strain the ship considerably when the 
weights in the hold are not sufficiently great, or are not dis- 
tributed in such a manner as to cooperate with the strength of 
the side to resist it. And as a ship, when on shore, generally 
rests on that part of her bottom which sustains the greatest 
pressure of the water when she inclined under sail; and as 
the preservation of her form, in this circumstance, must de- 
pend principally on the longitudinal inflexibility of her bottom, 
it seems proper, on this account, to strengthen the sides of ships, 
at the place of the greatest pressure of the water, when they 
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w mtk wlnfo to consider wImI w tht hmft moChod -ol applying* 
timber or plank in Uie holds of ahij^ to produce Ihift partictikr 
kind of fltreaglh. 

It iiwMt mdeut tlMt if pi«De« o£ tinte weie applitd.ott 
tht hmeitittikm, m a ship's hoM^ In aa atfawartahip direotis^ 
tiwy w&M hare eff^t at all In inereasin^'die knigitadkial 
fttiifness of the sides. It is equally plain that if they were 
placed so aa to form an aogie with an athwart ship and vertical 
* fhm^ thity wottld then aiigment tbia infleidbiiity of the «dta is 
pf«^Ttioii to the magnitude of the an^e of indiiiatioii; wmif 
a e e o ffdi ngly, they would prodaoe the greateet degree of longi* 
tudliuil rigidity only when applied in a fore-and-aft direction* 
if it was required that the rectangular aod flat-bottomed vessel, 
fcmerly supposed, should be so strengthened, that if she wM 
siiiteiaed in midships, as a kfer on a fulcmm^ irith the «ide 
wnupported, she would not arch, it would be wrong to ix & 
(quantity of timber on her bottom, in an athwartship direction ; 
ot, indeed, in any other direction than iore-and-aft. The bei»t 
wiy, therefore, of applying timber or plank in the holds of 
sh^^pi4ita place itlongiludinally. 

^'Te render ships less liable to sustain injury by lying agrotedy 
and to prevent their being strained when there is an unusual 
evicem of buoyancy on a portion of the lower part of their boC*» 
tHis^through a large d^eieney of water or other weigfaCs o» 
iMiA^ series of weU<«onneeted pieees of tiaabcr, of as geaife 
lengths as could generally he ptocured, jnight he wrought im 
rtie lower part of their liolds, in the same situations and di-^ 
fectiou as binding strakes. Each series of timbers might be 
mated at the ends of a ship by means of the breastbooks aasl 
tnuMOBis; and as they smuld he firmly bolted - to the stdes| 
th^y^woiild be well adapted to resist whatever degree €)fstipidn» 
ing or working the lower part of tlic hold might be sulijocted 
to, from the pitching and 'sceTiding motions^ or from other 
causes. And, if binduig strakes were to be wrought over the 
abntments of the frame timbers, on that part of a ship's hold 
whieh is elevkted more than lbrty»five degrees above the ho- 
rizon, and which h brought nearly into a vertical position when 
the ship is much inclined under sail, an addition of longttudi- 
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«il iWMIiwu wo«kl bt MiiiiilM wlMttevtr the Atilft^) affbrdid 

lljr ttM jplflHlulllp Ml tfaH tttOl# MWI^ |PBt|MMllillll^ |Mf(t ' tlflf 

If imliifvdlliBi tfubitPpMit li^ ilMng[llliii' Ihli ihip, through 

Ijer Ijt'iiiQ^ inclined eonsifk'rahlv troni the upright positiona 

The outbiiie plaukiiig nrar the keel, or planking on the flat 
part of the h^ld^ nuiitl ptoduM bOi little kiigitiitlittilritiliiheM^ 
ii « tWp^ toHifi^M with tfebt whleli^ iii^iM ^lihliMi^ff 
frimt of UrillMlP df «(iiM^dcfiiliUi't1ilck*e8si 

of "phiiikinu: to that of tiiii !H:r of the same lpnt2.tli iiiul breadth, 
as tlie i»4uare of Ute thickness of the phiuking \^ to th^ square 
of the thickneti of the timber^ Aiso, as timber is ahvny<^ plAe«4 
¥6i:M^ itt in Mtmal form, withcrat Way fortMi||ali>ft^ 
phMik #hefUly is, tiit0 m ehdpe from whkh 
fibres must, in many cases, have a strona: tendency to producd 
a change, it is obvious that tinibei of &i|uai o dinuMisions must 
bi JBurh better adapted than plank ran be^ to ptevent a shi|i 

kmA Moff isjurad h]r a pirtiid end notout pitimtlMMMiil 
pM ftr UAr bdttMni /^^Vy^ite«j^ 

it is thought that the iron ballast of ships, which iii «l pre* 
sent, of no other use than to increase their stal)ility, mig^ht he 
rendered available for the purpose of augmenting the strength 
gf the knm piH of dieir tiilet» If A pftH of ft tlup'e bsUaat 
doBtieled of ptetei from ftftetn twenty litft Vmig^ thMe or 
Inur inches thkk^ and about mx inehefi broad, it might be s«h« 
stituted for the lower lonj<it\i(JinaI timbers in midships. Such 
pieoes of haliait eduld be fastened to the frame timbers with 
hollt or ecrt#8$ Md by their butt being mild4 to |;ivo shift to 
oMhothtfi they would aflbtd «t great a degreb of k^gllnlBatt' 
strength to the lovNr part of the sides of ships as eoold bO 
required. 

If a diagonal framing was to be placed on the upright part of 
the sides of a ship of the line, and if her decks were to b^' 
iirmed of thickstuff, as described in Art« 2, No. 9^ the coet 
of her hnll wmild be very greatly diminished. 
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. W(zr,^BfgMt, Hknry Chatfield i/ormm-l^of ibe Mmi 
of NcmiJrclutectwe)^ ' * . i 

In the month of October, 1824, piiblic attention wa* first 
^irected to tlie movements of an experimeutal squadron, which 
copsiflted gf tiijree corvettes, eaah carrying dghteen ' 32-povad«f 
^anronad«sj; aM it wiil be recollected^, that eveiy inteltigence 
respecting the coraparative merits of those ships was recelvca 
with an avidity, and repeated with a warmth of interest, whlcK 
hore testimony to the importance attached to the issue of that 
trial ; not only in naval circles^ but by the coxpmunity at large, 
"^he riv^ vessels were, the Oresteg, Chaa^pion^ and Pylades^ 
ccHdstructed on the fespectiye plans of Captain iiayes^ ^^^^i 
t)T.lnman, Professor of the Royal Naval College and Schooi 
of Naval Architecture ; and Sir Robert Seppings^ one qf the 
Surveyors of His Majesty's Navy. ' \. . 

Umb object of (he series of experiments entered iiito^ was tq 
decide on the superiority of one or other of the systems on. whicH 
the vessek had been designed \ but such were the alternations 
of success, in consequence of repeated alterations, that each 
ship in its turn had an advantage over the others ) and^ iinallyi 
nothing Specific was determined, as regards the comparative 
merit of the forms of the ships' bodies. 

IiKthe recent experimentSy which were conducted on a much 
larger scale, and which therefore excited considerably more 
interest than the former, the same projectors have again 
brought then- platis into competition ; and another navat 
officCTj Wm* Symonds^ Esq.^ commanderj^ has been ,added to 
tho'list df experimental constructors. 

It is highly desirable to describe the modes pursued by the 
various projectors in preparing their draughts, that the points 
on which they ditler might be ascertained^ and undergo the 
test of theoretical investigation as well as escperiment; but, in 

1 The real force of these vc<;selsy is sUtaen 38-pounder carraasdet, and 
two 9-poander lon^ g^uos. — H. C. 
« No«r C^ptaio SymoodB ; hsvinf been pNTerrcd to the rank of AmI GapliiB* 
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the present instance, this cannot be accomplished. In the first 
place, because Captains Hayes and Symonds have not given 
publicity to their views of ship-building ; and secondly, 
because the author of these remarks would be unwilling (as a 
member of the School of Naval Architecture) to draw a com- 
parison solely between Sir Robert Seppings's system and that 
which is followed by Professor Inman. It may, however, be 
proper to observe, that the situation in which Dr. Inman 
stands, owes its origin to a plan laid down (1S08) by the 
Commissioners of Naval Revision, for establishing a School of 
Naval Architecture at Portsmouth Yard, lliis plan was first 
carried into effect in 1810; since which time, it has been the 
peculiar province of Dr. Inman to teach the application of 
mathematics to the theoretical construction of ships, and to 
explain the principles which have already been fully demon- 
strated in standard foreign works ; and whatever is done by 
him may be considered truly philosophical, and quite consistent 
with the present state of naval science. From the experience 
the Rev. Professor has had during that portion of his valuable 
time which has been devoted to furthering the objects of the 
School of Naval Architecture, he now, in this early day of the 
institution, — early compared with the time requisite for reduc- 
ing English naval architecture to a perfect system,^stands 
before the world ; open to the scrutiny of opposite principles 
and contending interests, and anxious to seek, rather than 
shrink from, a most critical investigation of every principle on 
which he professes to act. 

. We will now give the names, dimensions, &c., of the ships 

»» < 

which constituted the recent experimental squadron, with a very 
brief outline of their relative merits in sailing ; appending 
some general observations, which may be considered pertinent 
to the subject. 
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Th0 trials nvlth the above' sMp wm eooducted by Reat^ 
Admiml Shr TliOBm Hmrdy, whose tifilnioii on their rekrtivtt 
merits has luft tnet the pi^lic eye.' There ia no question hut 

everything was done that could be doi^c, to arrive at the 
characters of the vessels ^ and the uiuversai feeling in the 
squadfon^ that the ConiMdore woiUd do Jvuilice to leaves 
the impression that tiie direedon couM notthsr^e heen; in bsMr 
hands* With respect to the order of superiority^ the Mkaf; 
qualities oithe bcvci al slaps, there seems to be but one opinion; 
although few are agreed on the extent to which any ^'esseI 
actually provjad herself to be superior or inferior to others. 
If a mere knowl^dg^ of how the ships aaiiedj^ Ai^^ ^itri^j^ 
1^ times of trial, wew the desidefatum, the iolbruiMtai la 
doubtless to be found in the Admiral's report. ^ JouinalMi 
accounts, throughout the squadron, have been found to cor- 
respond in the geuerai tendency of their contents^ but not 
so nearly as if some previouslyv^mo^ted plan had been foi* 
lowed cn board eveiy %hip« M - 

The wrher*of these remaiks acknowledges having^ derhed 
much professional benefit from having been at bca ; he sees 
many things^ couue<:ted with the sut^ect^ more clearly than 
before he embarked | and the Httie- experience he has had, 
^ves kin some tonlidence in setting forth hia ophiioas. And 
here it must be confessed, that the trials were not condueted in 
a manner that could be made available to the general prin- 
ciples of naval architecture; and that nothing further can 
now ht ^dliced than what may result from general remarks* ■ 

Obaerwilions relative to the experiments should have beeti 
taken $imultanetni9fy by every student of naval architeeture > in 
the squadron, lind no circumstance that could possibly affect a 
ship's sailing have been oaiittod under the head of "Remarks.** 
This, howeverj was aot methodically attended to ; nttoreover^ 
as the; tenninatios of a trial was net* known till the Commo- 
dore ipade signal to ctose ronqd the Admiral/' it then be- 
came necessary to take the bearings of the ships with the 
great^t possible pfomptitude^ and ta estimate distances " by 

' Thtiire was a sludeHt stavoi architecture on board every ^ip in the 
Huadrdn^ whoae 4yty it wet to i«|»ort csn tte ^bsiacten of Aeir mpectivs 
ibipt, 4>id to mnark an the taUing ^luOltiM of the Ttiifth giatrsllj 
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wlioM of the yq i »»| a More their FelfttWe 8Uuatii>ii8 were mntik 
altered^ in cqniequ^aoe oS b«$ariiig up " to dgte round the 

dents as to the time of making them, and ^e ccmditiolM« k 
would be extremely ea*y foi" penoDs on board each ship to take 
th^ be$irii]^s oi th^ othersj by aiguai, siiauilan^usiy ; and> tbU 
being done, the |N»iiMiit of any )i«ffti«iitaf TeiaeA e«iiM he,«fta4«i 
Iin4 tof dkt^m INun the test carceetly eatimattd. . RqiNuliiig 
||m» vith Ihfl vM» in suceeaaiqs, as ^|«iekly as eottwritnt, link 
Hr no differea<;e would be iuuad hi Uie diit^imu^ u( ^<^v«j(ai 

. JM»tanee9 he qormtiy eitimaledi by knomng the height 
of a ship's Blasts above the wat«r, ar nbarffo *fk$ hnU^ «mI 
wwwy ri^g the i«hlended angle «Mi » qnadianli fm^ tf.we 

consider the height of the masts as the height of a righl^atigled 
triangle, and call it radius, we have tlie ibdowins^ proportion 
(ti^ single a( ^ verten ^ the ^ being the eamplement of 
the singly n^niuiad) | fid^ : «9-4«|0k ^ nh nnA iL U 

^ wm^ : r c qimi wl Pnttin^. tliw eciiMSioii 

fnto logarithipsi we obtain the required distance. ? 

It might be worth while to try w liat practical eorrectne$i 
would be fouud iu determining distances by sound. Th^ line 
%h«4el«pM hHween the hwtant of seeing the iash ov smohn «f 
% gpns nnd henring the mp^H, mwy \m nensnred, ia m^onif 
cases, with tolerable accuracy ; and the diitanoe of Mt ohfeel 
fiom the point of observation is readily ascertained, by know- 
ing Ihe rapidity (1142 feet per second) with which sound 
travels, fiy counting one's pulsations, previously Qoipparuif 
(hem with trae time,«^-«r by plaoii^ n vntoh to. llit enr^^ ii 
HOilher aeeessary to haif« the aseietanee of a second pci s nw^ 
nor to employ a stop-watch, to note the time intermediate 
between a flash and the consequent report. 

It is generally admitted, that square-rigged vessels ssiii . 
within «Mf jmMv of the wind : if so, two points over the lecf^ 
' bow and the weather*quar^r will give the direction in which aQ 
ships equally to windward will be found; and, allawietg two 
vessels to be so circumstanced^ they will (if there be no differ- 
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•Ace in tlm Miliny ^on m wind") meet at tlie same |x>mty 
ftovidad thif be en (eonwfliig) f^ipesite tadn. Guided hj 
this principle, and takinp^ the bearings and dntaneea^ as eai^ 
fully as circumstances would admit, the comparative sailing of 
tbe experimental ships may be spoken of^ generally, as 
Mbwsy dvrkig the first series of expennentsj via.-^betvreeii 
April Ml and 27th, im* 

bk npderate wtacher) the Oolaasbiiie and Challenger were 
found to be decidedly the most weatherly vessels of the 
whole, Columbine having rather the advantage, perhaps, of 
Cballengar. The Sapphiie^ Satellite, Wolf, and Acorn, had 
mdi alttfiiatioiia of success, diat it is diffienlt to say which was 
the snperior ship : at the same tiase, if the Klde d MBnen e e that 
was cvmcefl entitles them to an order of superiority, they 
would stand as tiiey are here named. The Tyne was consi- 
dsraUy inferior to the rest. 

Ill mgh weaiher, Sapphire had the advantage on aH points 
«f sailing. Chaltenger was a little superior to ColnmUne, and 
Columbine had the advantage of the other corvettes. Satellite, 
Wolf, and Acorn, were still too nearlv equal to justify any 
marked difference in a report of their relative merits. 

The Tyne left the sqiiadm befiire the end of theeeries of 
trials which established the above characteis of the ships, and 
fetoraed to IVNtsmoeth, where she mderwent extensive altera- 
tions. And as the projectors of some of the other ships con- 
sidered that their ves$eis also might be improved, the squadron 
was fitted out for a second experimental cruize, with four 
' snontbs* stores and provisions, as. before^ 

1 Aa Msy aistiisd of «oiutruc^itf iUaffraai$> ii to pimride a eifcslsr pweo 
of cud, of any conveQient size, with the cardinal point* msrked upon it. 
t«et two lines be drawn at right angles to euch other, and let tiif oard be to 
applied on them, that otts of the Hues shall represent the direction of the 
wind $ the other will, of course, show the direction in which all ships equally 
to windward w ill be found. The observer should then sei off the bearings of 
any Tuiml er of object-, 1 y riie;uis of the card> and join the points with the 
iotersection of the two rij^lit Ime^. Upon the directions thus obtained, set 
off the estimated distances oi the objects : this will give their situatiuns, from 
jwbich draw perpendiculars to the direction of the wlinl. i heir distances 
tnm the point of intenectlon will |fiow how far the ships are to windward or 
to Icfward of the otMorrer $ or, their distances apart will ibow the sano 
Ihbif oTsa^stlMfw 
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We should liere «nter minnlely into the nature of tNe 

alterations made, and, after the next series of trials, compare 
their actual effect on the ships' sailing qualities, with the results 
anticipated. But it is hardly necessary to observe, that, in 
order to do this, Yery correct eets of drawings of the whole of 
the ships should he got together ; and every alteration, hbwerer 
triflings should be pointed out and discussed, by the various 
projectors, amon^ whom a perfect freedom of communication, 
as regards their particular views, hypotheses, or experience, 
M'tfttite- indispensable. Unfortunately, the experimental ships 
lieK too much'lhe chacracter of mal vess^ 
''^The squadron left St. Helen's, the second time, June dOth, 
and made a voyage to Lisbon, where they arrived on the 19th 
of July. On the passage, there were two trials off Scilly, on a 
wind ; viz., on the 3d and 5th of July. On the 6th of July, 
tiie ships steered a S.W. course, and continued to mn for tliife 
Tagus until the 16th. Bxperiments were then made, for three 
successive days, on a wind; and on the 19th, the ships an- 
chored in the Tagus. ' . - ; M t-:- -.t ,:<> 

The relative merits of the ships wett' k little changed, — itt 
consequence of the alterations that were made after the first 
eruise. Columbine was certainly improved, and also the Acorn ; 

but Sapphire did not behave so well as before. The Tvnc, 
though much improved, was inferior to ali the other ships 
until her arrival at Lisbon ; but, after leaving the Tagus (July 
dlst), she held fair competition with the rest of the squadron, 
especially against a head sea, with fresh bweses. Upon the 
whole, \ve n»ay speak of the ships as follows, after the second 
cruize : — 

In moderate weather, Columbine behaved decidedly hest^ 
and Challenger next ; and all the others were very nearly equal. 
In rough weadier, Columbine retaiifed the advantage, but it 

was not great. Challenger and Acorn were very equal, and 
may be considered rather superior to Tyne, Satellite, and 
Wolf. Sapphire cannot be judged of in this second series of 
experiments, in rough weather, for there were only three trials 
in strong winds (August I4th, I6th, and I7th)| and on eacK 
occasion, something occurred either to prevent her joining in 

u 
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the experiment, or to dlBcontinin? the trial. On the 14th, «he 

carried away her jib, when she wa« doing as well as any ship 
in the squadron ; on the 16th, she " hore up," about two hours 
after the trial had commenced; and on the 17th, she did not 
come up with the other ships to make trial. On the 26th of 
August, the fleet again anchored at Spithead^i j ; 

. It now became a question, how the ships would sail when 
deeply laden, and what were their ca]>abilitie8 of stowage. To 
prove these points, every vessel was ordered to talie sia: months* 
stores and provisions, of every denomination, on board ; under 
which circumstances, they proceeded to sea (Sept. 24th). '^They 
n'ere only one day out ; for they returned to their former 
anchorage, at St. Helen's, the same evening, owing to the state * 
of the weather. On the morning of the 25 th, the squadron 
again made sail, and had a trial that day ; but Tyne ipet with 
an accident in the Channel, at night, which made it necessary 
for her to return into port, and she did not afterwards join the 

squadron, ,.f» ^ r . . r .t • ^ 

On the 24th and 25th, tliere were fresh breezes and little 
sea. Columbine retained her former advantages over the 
whole, but Challenger did not. . \ ; 
. The general results of their third cruise appear to have been, 
that Sapphire and Tyne were nearly e([ual on the 24th and 
25th, on which days there were fresh breezes, with but little 
sea, and decidedly superior to Challenger. After Tyne left 
the squadron, Sappliire retained her superiority over Challenger. 
Wolf (as well as Challenger) lost her comparative rate of sail- 
ing ; but Columbine did not lose her former advantages, except 
in heavy weather against a head sea, under which circumstances 
she was excelled by the Acorn. Upon the whole, there was 
no great difference between Columbine, Acorn, and Satellite, 
when stowed with six months* stores and provisions. Wolf 
must be considered inferior to them all under these conditions^ 
At the termination of this cruise (October 19th), the ships 
were ordered to different foreign stations, and the experimental 
cruising was supposed to be at an end. But Sapphire, Tyiie, 
and Challenger, afterwards met at Plymouth, and they were 
ordered to make further trial. They had three trials ; and the 

Digitized by Google 



Triali qfJkfifUttit M^yimmikiei Squadron. 
aotouBl motved ftom an officer on l|oard one of (he shipt, 

lli^iwIiQifi, il WAS M equal »aiUng f» pgvld w«U bf/' . 
. It » niHlirAlly adted by every one, in nt^f^m^ to 

experiments. What has hi cu t licit r Hiis anything new been 
di4»t;overed, relative to the theoi \ ni < uuiii ucUun < Has any 
pne tiling been det^rwio^d^ OH whii^h doulits previot^sly e](isU 

•4 ^-nrXo jttfih qy9«liQna» w« cani»9t» perbap9« iff thi# instap^^i 
•mnveiy latitffMtory annv^r i w# will ^pdeavpur Apw, 

from the following observations, which were made at sea, that 
§hip"buildiii^ umy be giealiy bent;iiUed by nautical trials, and 
1^ tri^U h^ve huggested m^ny hint* which it wpu)4 

PMV^ltffffMl IP l^ep aighl of in future eKperimentfi, 

I(my ba qoii^idered afi a general maxim* tha( when ^xpe-* 
rimeiits are instituted urith ft view to theoretical inferences, by 
coiiijjariiig the toiinaiice ui different i>udies, the boci^ ^ jjre- 
|^§|e4 i^S..^)^ purpose of ^JCperinient should be as sinniar a^i 
possible^ except in those particulars, the effect of wluch '\% if 
4ti(A9C(«t of fixparimcnt to determine \ for \t is obvious, (hat 
if |ha dissimilarity be confined to only one element, unlike 
results must proceed from that deviatioii, .,nu m^.y liiciciuic be 
traced to their true causae. Nor ib this the oidy poiilt to be 
adijailli^d.tQ: the motive power should be ahke, evan to matba* 
milrtfal pr^isioQ, under all circumstances of trial. 
' Applying these remarks to the e.\])crimental squadron^i it 
must be seen that the chcct of any particular element on a 
ship's sailing qualities is In no way eliKidiUcd by the re&iiUs 
of the various trials ^ for no restrictions were imposed 014 the 
fCpmtfPQ^ris as to the proportions of their ships, nor was any 
•yslematic regard paid to the application of the moving power» 
liy icleri in^ to the Table (^f Principal Dinieusions, ,Scc. (p. 285), 
U^lfiil l^^.s^i, that there is ^reat disaimiliirity in i^iaiiy of these 
elements. 

edU aippears that the Challenger and Tyne have nearly the 
same length and bjreadth, but that the Sapphire has mnch 

i^reater breadth in proportion to her length than the other fri- 
gates. Of the corvettes, it appears that the Aeoiu aad Satel- 
lite have exactly the same dimensions : that the Wolf differs 
but little from these two ships i and that the proportions of 

u2 
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the Columbine diflfer greatly from the other corvettes,— her 
breadth being much greater, and her length much less. 

As the Acorn and Satellite were built from the same draught," 
their relative qualifications must depend on circumstances un- 
connected with their form. The quantity and distribution of 
sail ; the arrangement of the ballast, and the general stowage 
of the hold ; the trimming of sails, the skill of the helmsman, 
&c., — affect the sailing qualities of vessels so much, that any 
difference in their behaviour may be ascribed to one or more 
of these causes ; and it is to these points that our attention 
should have been directed, in the case of the Satellite and Acorn. 
Such considerations are not less important to excellency in 
sailing, than the formation of a ship's hull ; for the most able 
ship-builder may be disappointed in his plans, unless the above 
circumstances concur in favouring his designs. We shall speak, 
shortly, on the subjects of ballasting and stowage ; confining 
ourselves, for the present, to some cursory remarks on the 
trimming of sails. . * . 

According to Chapman's theory, in his treatise on finding 
, the area of sails for ships of the line, tlie sails will produce the 
greatest effect when the yards are so braced as to bisect the 
angle made by the fore and aft line of the ship and the di- 
rection of the wind. Experience, however, makes it appear 
that the angle made by the yards with the direction of the 
wind may be more acute than the remaining angle, provided 
the sails be kept just full. The celebrated Dr. Robison has 
given an elegant paper on this subject, under the article *^ Sea- 
manship," in the Encyclopedia Britannica. 

If there be a certain angle at which the yards may be braced 
with the greatest practical advantage, one would imagine that 
every yard should be similarly trimmed, if possible : that is, the 
horizontal section of any sail should be parallel to any hori- 
zontal section of all other sails in the ship. 

Observations have been taken of the angles at which the 
several yards were braced, on board some of the experimental 

^ It is extraordinary that there should be so much difference between the 
draught of water of the Acoru and Satellite, (pa^e 285) although they were 
built from the same liucs, and were stored aad provisioued with every item 
allowed as the regular *' establishment." * ' 
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Ihips, during the time ©f trial. In some cases, the lower yards, 
the topsail yards, and top-gallant yards, have been found to be 
In the same plaite^ or in parallel planes ; but, in other instances, 

hiive been known to be braced to different an^et* On the 
mm m m m i , we will say that tiie lower yard made.an angle of 

with a fore and aft line; the topsail -yard, 31? 15' ; and 
the top-^allant-yard, »3f)?* And again, the lower and topsail- 
yards of the fore-mast were braced it • sharper than thoee on 
lii(tHain-4|ia8t ; and the fore*top^gallant-yard 5? eharper than , 
^flWHIIahi«»top-gallant-yard* To enumerate theee particnlan 
may have the semblance of carrying theoretical considerations 
too far ; but, in truth, it is not so. 

: We know that the power of the Sails is just equivalent to the 
iMilBttce opposed to the immersed part of the body, in the dl- 
Metion of its motion ; consequently, whenever we vary the mode 

of applying the tMrnng power, the velocity of the vessel under- 
'^oes a corresponding alteration. That the trimming of sails 
anew will cause one ship to pass another, when she has previously 
tMM dropping astern, is notoriously true. There is no donbt in 
tiie world but we have yet very much to learn, both in the build- 
ing and manoeuvring of vessels ; and'we must not allow ourselves 
to 1)6 persuaded to the too common idea, that because a ship 
only behaves well when well managed, that Uie theory of con- 
WktMiatti abstractedly considered, is of less importanee. VTiHX 
ll^ nt|i;ued, that because two musicians produee different tones 
Mittf^llife same instrument, there is no difference, intrinsically, 
between a common violin and a CTeniona: Does the acknow- 
ledged advantages of an expert jockey over an inexperienced 
vider, render it a matter of indifferenee as to the real eharaeter 
tof a raee^horse ? Such notions are fallacious in the extreme ; 
»i > »ei tl i»le86, they have been urged by many from whom some- 
thing more logical might be expecied. It reallv is time tliat • 
everything like mystery and soplii&try should be honestly thrown 
aside ; and whoever conceives that he can elucidate any points 
which hove reference to naval science, should approach the 
aalgect with a candour calculated to lessen, instead of mul- 
: . : : 

* The example here ^veii states the positioa of the Tyoe's ^ards qq tfew 
g^ih ot September* 
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tiply, ih(t vncerUinti^s w!th which it now dbmrndH. Me 
mu^ aelcn^kdge his ide^ td be tpeeillatlVef tf they M i<»i 
and invite co-op^rfttioft dn ihe piirt bt ttimf^ ^rfho ete inofli 

capable of piosecuting the subject witb him. Were We thus to 
unite in the same common cause^ with ail tlie talent and energy 

we jpdssess, the path is sttftightforward eitottgh to tpeftk with 
conadenee of What it Wouldlead to. • ^ ^. : > ^^^t 

ft appean sbmewtiat ektraordlHaf y, withottt a diit bothslifcnN 

tion of the subject, that vessels which differ greatly in the pro- 
portion of their principal dimensions, and are very unlike iu 
form, should possess similar properties^ and excrl on the san» 
points of stability t yet such is the eaae ; and the faet has beeiT 
ekempnfied in the ClhalWnger iAd Golumbintf, WHtch wefer pdw- 
etful rivals, during tl^ first series of experiments, on all 
points of sailing. Now the Columbine is a broad vessel 
compared with her lengthy ])ut the Challenger is the reverse I. 
Ahe is long eompared with her bfeadth. And forther^ these two 
fthips are id every respect aullke In the Mtfigamtioti of thi 
htill, both above and below water« They are both weitherl/ 

vessels. ' ' 

To render a ship Weatherly, her form, under water, should be 
ealeulaled to oppose great kttemi resistanee ) which may be eft 
feeted by givihg leng&, or depth, so as to make the ]tmgitadi<» 
tial section below water of snifficient afeaV and partiettlef «t« 
tentit)n should be paid to the mea of the greatest transverse 
section, which should be kept as small as possible, to diminish 
the Sirmst resistance* It is the proportion between these tw6 
hreae (aateHipm^bm) that establishes the weatherly f&nfimf 
Df a ship's bottom : and from this it appeiuis that a naval e<ln« 
Stmetor has great latitude in preparing his designs ; that he is 
not nece.ssaiily confined to any limited proportions, but may 
accomplish the same end by various means ; and that accord^ 
ing to the service for which a ship is Wanted^ he eail iregulaie 
bis plans without sacrificing any properties beyoiid What it aba 
fmfttlely requisite^ 

No.v, the J)owef of the wind on the sails of a ship the re* 
verse of the action of the water on the immersed body : con- 
sequently^ a given quantity of sail will have the greatest effect 
when the yards are so braced that the action of the wind, be^ 
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hig resolve^ into a fure-and-afl^ ali^ inXo an athwaHsili^ 
direction^ will mal^e tbe former ft maiMiimiiij md the Unu^t # 
^fMlllwn* Thft gvofttmr the apread of eaaviit, the greater the 
adfuttagMI on fvery pomt of tailing : indeed, the practice of 
carrying a heavy press of sail when a ship is emhuyed on a lee 
shore — even so far aa, at times, tu endanger her safety-— pro¥f» 
that the greater the impelling power thfit om lie iM^Hght vipw$ 
mid0m^t&tHi kf, fi sUri the more weatberly die will be. 
JHtlMII^ 4h# ne^eeiiity of a Afe propovtion between the mdment 
of %ail« tuid tlie moment of isUbUity. By fJ:iving too little i^aij 
We throw away the advantages that are withiii OW leMhl ft^ 
lyr^tfix^.too.much, we incur evident risk. ^ ; ; . 

«a]I|{Mil>M A«kiiowledge4 a diiiinitt pioMftti to deteraiint 
Ihi^ VMIKity fuld dietifibution of tail best suited to a ship^ un* 
less we are iurniihed with very correct data, derived from 
ej^periment. 

^iLiGkl^ a oavttl coastrufitor prepare^ a desigu, he prq^urea 
|«wmi» of a y«iBel««H>r of levteralr^f the same elans a» tb4 
riup M about to eonstrac^ the eharaoten of whieh are known ^ 

nod apprd^. He acquaints himself with their reputed qealif 
lies^ Calculates tiieir chief elements, and compares computed re* 
ealts. with the reports laid before him. Borne out in this maar 
air« >3r an atieohhuiee jietwato tbedrjraad praatiee^ba pr44iatii 
the eapaUlifieac^ his aonatnlistion ; and hie expeetatiooa will 
be realized in proportion to the earraetQess of the doeiliaeatl 

which he 18 furnished, 
r-lt is admitted that the Columbine sailed better during the 
Mmud emise than she did before; and, if the observed diffetf 
ence be a matter of importance, a knowledge of the means by 
irbioii she wee iaiptoyed will» of eoaree, be valuable. The 
question is, what alterations did she make on the first return 
of the Experimental Squadron ? She is reported to Imve had . 
tha.,same qtiaatity of stores, provisions^ ballast, &c., in both 
ansae i but bar main and miien masts were carried a little fur-t 
tbfer aft» and she bad an inerease of sail* 

If nothing were done to give additional stability, correspond- 
ing to this increase of sail, it is evident that her sails were not 
so well proportioned in the hrst instance as latterly. Question!) 
of Uiii M«r# sboabl be gone into aa minalelf es poasibif ^ to 
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do which, the Columbine's calcuiated stability and VDOKMBk of 
Mult fthoold be aetuaily regifttcred in both 

WhUe veare on the aniijoct of elahllily (or that p fo pttly 
by wUch a thip remits lateral inclinatioa) it will not be nn- 

pfoper to offer one or two sun:u;cstion8, from ^^•l^ch it may be 
made to appear that useful hints may be taken Irom observing 
a ship's angle ol heeiiiig at particular periods. 
. The wfitar was at- sea in the 7^^, and he has leasMs for 
tirinking that she never sailed so well as when ber lateral in* 
clination was about 12?. During one of the trials, when Car- 
rying the same sail as other ships in the squadron, Bhe heeled 
steadily to 17? ; on hauling up her courses^ her inclination 
akered from 17? to 12?, but the dtminntion of veiooily waa 
seareely perceptible ; and, at hm angles of inclination, iIm 
Tyne*9 rate of sailing, compared with the other ships, was in- 
ferior to what it was whcMi deflected as far as 12? from the up- 
right. We take a great deal of trouble to discover the best 
kKigitadinal trim of a ahip^ and we register it with sobm evsi 
, Imoifing tbat the advantages are» at tines, very great \ bnf 
we never pay attention to the atbwartship trim. If we place 
weights to windward, or use any other method of putting a 
vessel in a situation more conducive to last sailing than the 
position she assumes from her real stability, we thas asMrtidn 
the- best sailing angle for that form of body \ and the eai|peiH 
Bient is not without its advantages. 

A practical uielhod licic su<;rrests itself of determining the 
proper stability for a given quantity of sail \ and mce vtrBO^ 
via. the quantity of sail that should be applied to a given 
stability* 

When we speak of determining the -stability neeessary for a 
given quantity of sail, we mean that moment of stability which 
IS exactly sufficient to counterbalance the effect of the sails at 
a certain angle. This angle (say lU? ) must be settled upon by 
the intelligence of an experienced seaman, on board the ship on 
which the experiment is made; or it mast bfe legnlated by 
stoling in company with a vessel whose stability has been ap- 
proved of, and Willi which iL is proposed to make a comparison 
of incluiatioii. 

Let us hist suppose that a ship is mer^nmaM, or sbfioient 
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in stal^ility. Ijel such a vessel be cUowed to heel as £ur as Int 
Mibwil dflfprattker («isr md kt the incMnrtiiin bt t»> 
gi il M ed L Take the dt ew ings of theahtp in qwatMm,«ndl'eoai- 

putc her stability at 15? ; the ru^ult obtained is a moment of 
stability, which may be sriven to a new coustrutUon at the 
«^kiB:j(iiO?), at iKhieh.U haa^been detenwaedi abe oiigfai^sail 
wiiliiir rertdi<iQna<if>iieether,^&ey «iiularil0 whet wtire ubiifiN^ 
iMtfMNtee^ tfaft-expennMBt* ^Tbe fmtaeof the propaiiikNi^ 

equally easy of application ; for if we desire to know the pro- 
per reduction oj canvass ^ it is only uece^-sary to let the ves- 
eeiivhlKten sail until her aqgleof inchnation is <the ffe(|«ired 
«p|kr|r'ihe% by iMMling with aecmey the aaila eetuaUy ael^^Hid 
eetaabitHig their fsionieiity we ebtauk the ncchitefjf ttMiHi i» 
altering the masts and yards. >i' r v , ; . ,:., r^.,,, 

We will next buppo&e that a vessel is luider-niasted 5 that is, 
llM the /vessel is either to have adiliti<jtial . sail9 or thek enew 
^liiMriietteB is to hflre ksi atabihty* The niMk of^pMbepiHii 
equally^ehnpleb' rt-^u . .* <»; \ . ,. jf): ,"'»fff'.*' 

The stability of the vessel at the an^le to which she renlly 
inclines (sav 8?) must he calculatcil, aKo her stahilit\- at the 
emgle to which itia determined sh/s ou(jhi to heel, vi:^., 10"?^ 
dlM^jia ibckkd upoQ m the Bumnev abreaiiy ceplamed»'4^ 
Mttmng propovtlen wiU then gWe 4bet?nioiiMnt 'of^eettriei* 
(quired; viz., ' • ■ 4 "•• '■ h's- 'rtit^i^n 

SMUUi/ at the^ t Moment of ^ CStnhUUy '\ Q xi * 

'/tnV'hlrhtJiif' ^' ■ ^xal! v'llrh ( ' J (It Hi, f \ Miment 



of uM 



U fli' It iri<'\ ' ^ ■ j^u 1 1 II n I i /I I -^^ ' * III Hit T • ^ ' ■ ■ 

actutiiig C * J j^roduces L ** y ''njua , d C * 

Bnh^tf the quantity of sail were an invariable cfniuitity, and it 

became advisable ru i^lve a iie\^ yessel /^^^ stabiHtv, in that case, 
it would ouiy be necessary to compute the niouient of stability 
nMhe' r^al aagle of the slap's incbnattony (1^?) taad the^iMit 
.eAilifned would be the required rooment at the angle (i^)'ie 
pMohfthe^'sUf ought tD' heel. - ^ .v<«>-iA. 
*r The chief thinec we have to couBider respectinsf a ship's 
incbu«ition, is the uhficulty that sometimes occurs iu iiring 
Ae^eei^pins; an evil; which ought to be avoided above all 
U '.i^wbX long ' guna are so mounted that the <llmit < 'Of 
L^ange issUt, which admttref 4? dejirMoi^ and 
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#? il»filiMI. K<# k #vklMiiHlM»il > firtlt ipc>i» ii^uwa 

»WHitii w i <t» «* iii tl Mol fef th* ntfiil mMtioU-*lo §ilw«lm 

definite statement of the sails that may be set when a veseei 
OpeAi a steady iee-hre| and this stateutetit should have refer-^ 

kdgMl ifl inpidbitloiitif ni* «imJ1. iiiigwlt«lk^iildt«<iltfb 
fee ^nt iMt tblid ^ > lwn » mw nmonstMittor^Mmt &:iv«iiiMii(i- 

sufficieiit itahilitv. A\'e inii\- assume tliut the courses ajL'e 
iMUatly hauled up wlieii a &hip goeb iiao action ; ii &o» the re» 
4WMt§ fitMHity of canvass Bhoiilrl mt kMr power enoiy^liiill 
J < >|irtM the mNMl Iwywhd ^ but tf « cMUlMittelMip^pp 
Hf^ mimr HU iiil^«t«lii|b nnnl' W ■ciiityMad«tbw«^i|ii(MlMb 
or deficieiU in stability, if her deflection from the upryg^t ,^x?' 
^eed 9?. 

' T)ie aecMifty Qf consuitiag bnvily in a work el tiiii ktnd 
.iiMi|Mii TO i»Mf -« little M iMiiubli m the eemil poittii 

which there may be oecaium to toneh upon, m ohumimb witi 

the tubjectAmiitter of the ^sent paper. Weehril) lher#flM«» 
rtttim to the Columbine, which, it lias been said^ was im* 
proved alter the tirst crttieei h is difiouk to speak with eon^ 
'Mmie of asy actual im piuwuie tit in the ehi^i fottlttt »W 
emllBat Mftt all made tefether, eb«eefflenll|f# iMr 
rchitive performances, coold be little or no critedoli to judge 
from. 

If Only one ship had been altered at a time, and each ship, 
inili altered state, had beea biought into competition With the 
feet, without allowing them a deviation of any kindj it woliM 
ieddify have been detected wfaatMteal improlmmenthhd takife 
place* And it so happened that this wets the case in some mea* 
sure; fofthe Challenff er remnined at Spithetid between the first 
And second eruisesi and did not, as far as we can iear% uars 
detfg* any alteradotti. 

Aeeuming then that she behaved the same oa belh Ineli) 
f^mA f^ing to sea under mmilaf eirevmsfances, her comparative 
Tate of sailitig, with others^ mav iairlv be considered a criterion 
by which the rest can be judged. On tiiese grounds^ both the 
Cohlmbiae and Acorn may be said to have astnally amprovml dil 
the second series of experiaMrnte^ and the Sapfphlile aimed foi 
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(lie worse. Th6 Tvne was unquestionably better thatl slie wm 
at firtt } atid the Satellite and Wolf much the same as befbre« < 

The disposition of a ship's ballast, and the general stowage 
of the hold, form a question which combines theoretical consi* 
derations with experience at sea, as affecting the evolutions of 
a shtp^ and more particularly the rolling and pitching^ • .^' J 

Before the squadron proceeded on the first experimental 
cruise, I had an instrument made to exhibit the rolling and 
pitching motions of a ship at one view. The object of this in- 
strument (independent of its utility in measuring the ship's in-* 
clination during the times of trial) was to elucidate two points^ 

1. To discover whether the alternate depression df the head 
nnd stern was the same ; that is, whether there is any differ* 
ence, in general, between the angles of "pitching" and 
^ *8Cending."' ' ^ ' i'*"^*! ^ - •*• fto- r 

• 2. To show how far a ship's lateral inclination is influenced 
by the motions of pitching and 'scending,. - ^ 

On board the \\^olf it was observed that the pitching was 
always greater than the 'scending. If the pitching did not ex- 
ceed 2° no descending motion of the stern was observable ; or, 
which is the same thing, the bow of the ship did not rise be*- 
Vond its original horizontal position. When the pitching was 
3?, the 'scendingwas from 1? to 1? 30' ; and, lastly, when th« 
pitching amounted to 7°j the descending of the stern was from 
8? to 4?. Generally speaking, the depression of the head has 
been found to be tv/ice that of the stem ; and similar obser« 
vations were made on board the Ti/ne, but the disparity was 
not quite so great. ^ n^t » » 

• Now this is a point which ought to be mentioned ; for, aU 
though the o})servation has not proved to be of any immediate 
benefit, it is the development of a fact which has never before 
been noticed, and may prove useful in its connexion with other 
known truths. It may be accounted for from the after-part of 
a ship having more stability than the fore-part ; — from a vessel 
having an impetus forward, which accelerates the pitching and 

I «* 'Sctudini;" is an expression made use of to describe the descending 
of a vessel's stern below ber quiescent water line ; or the elevation of the 
bow alwVe the same line, which is the same thinff. ^' -'i ' 
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retards the 'teeading ; attd Ironi the aaiJe meetuig with a 
kuk >eiMij Mkulated to oppose Vending. Tbeae immkmt - 
i«blif»to ^fMrnitf^' mi ^ 'wiwiAig/^ oie^ » a muuiev^oer. 
roberatoci liy a c— h mwb praedee on boerdl woel iknpa ; tiz., 

that persons generally sleep with their feet forward j and this 
custom hasy in all probabihty, taken its i'\&e from a practical 
IttMwrieJgi of tiie faet» that tfce Aeerf eiqperieaoeaJeeejdeepf ding 
metimmhm placed towevds the stem. * ' > ' < 
• Ae regards the second object of die iastnineBliMvk., to dliolv 
the action ot rolluig couipiired siinultanoouslv with the pitch- 
ing^itwas observed, that at the extremes of })irchiii^, ih^fe was 
little or no lateral inclination, but that the heeUngwas 
. twi«el)rasthe;depieimoDolitlMOxlim thatistoeasr^itirai 
yeeteit when ^ihoahip mmf^t her, yieneat kagltndiBal trim^ 
and evanegeeni at the extremes of pitching and 'scending. lliis 
is, perhaps, rather a curious than an useful fact. If a ship were 
^.preserve her lateral inclination until she arrived at the ex- 
tranet of pitching and 'aoendiiigi shefvoald be liable to ttkm hi 
aces ihimtjk Im leo^bow end cpiafter-poits, unless saffident 
•jfc egr WM given to vmet the exigencies of the position into 
which she would he thrown. And small boats must also be si- 
miiarly formed, or they would ship seas at the extrenuties^ to 
leewaid. But experience. does not.point o«t the accetei^ of 
■im sheer than is eonsistentwith giBod taalS} ingnring a liglk 
and elegant appearance to a ship's side. > r t . rr f si-n*-:^ 

In reference to the stowai^e of a ship's hold, and the arrange- 
meat of the ballast, as a general question, it may be observed^ 
1* That the nwre nearly great weights approximate the cenlm 
of a ship, (in a longitudinal direction) the lees vitt be tlieir eif 
^:on the p-ltofaiag and 'emending. This appears from the 
eonsideiatifNi that the greater the distance at which weights 
are placed from the centre of motion of any system of revolv- 
ing bodies, the greati^r will be their inertia, their angnlar mo- 
menta.being asthe s^aacea of their distances from the amis of 
IMIton* la- the ordinejry action of lelling, ivfaging">of 
a^eigbts will always, on this pftnciple, ease a ship's motion; 
for if the centre of gra\ ity of the ship remain unaltered by 
winging ballast (which may or may not be the case) this 
effect must be produoed> beoanse the oecittetoty: mefffimont of 
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the vessel becomes more powerful, and is therefore more gra- 
dually overcome by the stability, which is a constantly-retarding 
force. And thus it is that the vibratory motion of a ship is in* 
creased in extent, but diminished in quickness, without affect- 
ing those properties which involve the equilibrium of floating 
bodies. It follows, l)y parity of reasoning, that the more we 
concentrate weights lengthwise, the less will be the extent of 
pitching and 'scending : and it is also obvious that, however 
skilfully a ship may be formed by a naval constructor, she may 
be made to behave badly at sea, unless every circumstance con- 
nected with her internal arrangements and general e(]uipment 
be thoroughly investigated, to the extent to which they affect 
her evolutions, - # • " ,i.i^iuH-'..' i 

From what has been said respecting the inequality of the an- 
gles of pitching and 'scending, it may l>e asked, secondly^ 
whether it would be practicable, and whether any advantages 
would accrue from making the angular momenta of the weights^ 
afore and abaft the centre of gravity, cyMw/? We know that 
if two equal weights revolve on some point in an inflexible rod, 
the sum of the squares of the distances of those weights will be 
least when the centre of motion is in the middle ; or, when 
eqnal^ on opposite sides of the axis of revolution. Now, the 
angular momentum of a system may be equalized either by at- 
tending to the situations of the weights, or by accommodating 
the centre of rotation to their positions, if their positions be 
not subject to alteration. ♦.♦t^itiMi « » v v ^ 

How far this principle may apply to the stowage of ships re* 
ifnains to be investigated, and may, perhaps, form a feature in 

some future experiment. ^k-'* -t^ v^ 

^ Our ignorance on many points which affect the sailing quali- 
ties of a ship, has been sufliciently exposed during the recent 
trials, to show the imperfection of naval science in its present 
state ; and at the same time that this conviction is carried to 
our minds, we see, with eijual clearness, that facts and know- 
ledge derivable from common experience, are of vast importance 
in constructing, masting, and ballasting ships ; and all who 
have had an opportunity of making the observation, must per- 
ceive that practical hints continue to suggest themselves in 
every manoeuvre that a ship is capable of. 
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To make any material adviUiiJement in naval construction, 
9»d to isMbice niiuiy ihiagi tQ a lyvtoni wjiifili |Mop«r 

mnl p a fcrnm i u i mmI milHitliiMii rmmii^ .wMi Iktsr |n»» 

fiktad pn>ptrtie«« This would, excllifti?ely, ooeupy Ibe tim 

4>f 1^ ]iluraUty of persons ; and tiiue so employed, so faj- from 
WNt mU4pproprlftt0d, wouid iead to the coU^ctiou of a . fund 

tf Mtfil Mtttr MUM to b« wet witb^ Atid wbMk tin 

timtignil «fiute «f a ■iirif kidhiiinil #ui 'iiiiiif •im tv* 

Economy in time ami labour is an argument too re^ily ad* 
mitted w suppQii oi moiiy «uftipiii» and though it m^y he ei^-r 
pedifintt for the general conveoienoe and expedi^on of )^m4? 
mih to ly p rn ii di i tf i ndea ill t»ift«i^ 19 fiiereai»i»lt dei«rt- 
NMiil^u) iHttferince tAeon^t, biH mom diffienk miMi^ 
there can be jio good reason for continuing the practice oi an/ 
fll9topi in the British Aavy width in capable of being rendered 

mofcf pectpct. . Pefhip» Uie.most foinilifM: e^mfk «an be 
pitpd ^ w 9irgiieq|i8 ^iiaioiiif ia (he fnpotm of speaking of ihe 
iiiEf ahiprwi they m eatinuitid by the Rple Ibr Tonnage/' 
This rule lnv(d?es the length and breadth after one inviiriahlf 

manner, for all kUida and forms of ships, and produces a result 

4^led the va^ra t«iiniig»i'' and* itr^MHie m i( VB^^^^Wi 
iWi mault doen not netaawily fMiuii mm ot fitpim^ any om 

Whk>h A ahil^ qil^ to poMeiW. 
The quantity of materials used in buUdkf t ahip (or (he bull 

alone) is equivaleuL in weight to the budy of water it displaces 
when dotting in a quiescent 9tate ; and tlii^ is c^ied tM^J^^^//U 
IHtgdaemmi. When fully equipped with ^Kmt aAd provi^iont 
gf evaiy dcnominatifflib Ae qviwtity of wal«r th^di^taiwd by 
^y/^t^m eaW»d hey X<W JMtp him m i * Vmeve^trnfm- 

4amental elements in the construction of ships } and the di^ierv 
^nce between them being the actual weight of ordnance, ammu- 
nition iUure^, wen, provisJoim ^'o^ ia (he ahiolMte i^mt^^ of 
whel ie ifleeiviid on howdr 

Now i( oay be aigued wbethw » veaii^ V tonnage sh^tdd. ^ 
preaa her eapahility of carrying weighty or whether it should be 
the tonnage of water diipia^i^j4 k^f f^^^ l^f^Sk i# 
Iver iioad Displacenifi^!'' 
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If the formor^ then will all vessels of the ^me force have 
the same nominal tonnage, because the weights actually re^ 
ceived on board for the purposes of war, including contingen- 
cies (being subservient to, and dependent on the artillery), ad** 
mit of no variation. And if tonnage be intended to signify the 
Load Displacement, there may, in that case, be a slight vari^* 
tion in ships of the same force, because the constructor is at li- 
berty to use some latitude in the Light Displacement. The 
following results were calculated a short time prior to the ei^^^ 
perimental ships going to sea: — ^ •-»»., ^ 
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A very transient inspection of the above table shows that the 
builder's tonnage is greater than the absolute tonnage for every 
class of ship in the British Navy. In brigs, carrying 10 and 18 
guns, it is about twice as great; in ships of 120 guns there \% 
an excess, but the difference is very small ; and in the inter- 
mediate classes of ships, the nominal is found to exceed the 
true tonnage, by one, two, three, and four tentiis, but not io 
any regular order. , m^^" 

Now the builders' tonnage is less than the Load Displace- 
ment for all classes of ships of war. In brigs, carrying 1 0 and 
18 guns, it is nearly the same ; but in slnps of 120 guns it is 
very little more than one-half ; and in the intermediate classes 
of ships there are differences, varying from one-tenth to six- 
tenths, though not in any order of regularity, 

Frpm these observations, it appears that we can form no 
correct idea of what weight a ship of any class actually carries, 
by knowing her "computed" tonnage; nor does it inform us 
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tkfaerof her X^jat or load disfilacement. In fact) the builder's 
tonnage tellt w nolhing at all, when it has ref«feiiea to «lilpa«f 
war; and the tiile, in its pitiam t fom^ moMt oeitainly be fa* 

guarded as an existing evil3 calculated to mislead \ and, in all 
probability, it has caused many serious errors in the construe* 
tion of men-of.war. 
• 'Among tlie eonrettes in tiie Experimental Sqnadfwii the Co- 
lumbine is said to ha?e bad mors tonnage (by M tons) llian any 
of the others, her nominal tonnage being 498 tons, llliile the resl 
were only 454 (page 285). Now it is more than questionable 
whether Columbine is not really smaller than the remaining 
eonrettes | lor she bad less draught of water— ^he atea of her 
WBltr-4iac was also less— and her bottom less capacious 
throughout. Bbt the rule for tonnage involves the square of 
the breadth, and simply the length ; and as the Columbine has 
more breadth, in proportion to her length, than the rest^ her 
*^ buikler's tonnage'' gives a false character of her comparative 
sine* ibiy imaon looking at the vessek in question, would not 
hesitate to pronounce the other corvettes more capacious than 
the Columbine, without other tUan ocular proof 3 and the ac- 
counts of the comparative facility with which other ships of 
this class stowed their six months' stores^ and provisions, 
when fitted for the last series of experiments, put It beyond a 
doulit. 

Difference of opinion seems to exist among naval men, as to 
the necessary capacity for stowage on board ships of war. 
While some consider that .every ship should have the power of 
carrying months' stores and proiMons under hatches, others 
maintain that less etowage is sufficient. 

The space necessary for containing any number of bodies of 
known dimensions, depends on rules of mensuration, which 
there can be no permanent tlifiiculty in applying, with great 
{nrecisiott^ to the stowage of a ship. The cubical contents of 
eompartments intended for the reception of most' of the stores^ 
may be regulated vwth every exactness ; and the entire stow- 
ar^e of every class of ship may, ultimately, be reduced to a very 
perfect system, by attending to the improvements which ex- 
perience may, from time to time, suggest.* 

The sailing qualities of the Ccfamfaine exched great curiosity 
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respecting the peciiliaritie» of her form. The following de- 
acnptMA it given from casual obsarvationj not haviog had the 

■ Her nidahip Motion ie sharp, the rising of her floor heing 

about 45^. The body continues to spread in almost u. straight 
line uiuil it reaches about a foot above the water-line, where the 
curve becomes rather sudden^ and forms the tumble-home" of * 
the tofifldis. There is iMt wmk hull abore liie sur^Me jof the 
water. Speaking of her form below water, it may be said that' 
she bas a full fore-body, and that her after-body is very sharp, 
possessing an unusual flatness under her buttocks. The vessel 
is bark-rigged, and sUsers with a tiller instead of a wheel. Uer 
foremost shrouds ai%not in a line with the centres of their re- 
spective mast% as is frequently the case, but they rake aft, 
whieh admilf of the lower yards being braced up sharper 
than common. The general appearance of the ship is much 
approved of; she looks low in the water, and very compact^ 
and beham better under olhe^ cireumstanccs tli^n against a 
heavy head-sea. Her iac^mmodations are of naccaeity small^ 
which arises firom her being 8 {tel shorter than the other oor-> 
vettes ■ and her lower poit-sills are two inches less height above 
the deck than in the other 18's, to allow, it is said, of water 
pasung moie firedy out •f the porti^ should the teasel " ship 
a sea." 

The rival vessels of - the Columbine's dass were tiie Aeom, 

Satellite, and Wolf ; of which the Aeoin latterly became a ' 
verv powerful opponent in had wcathei — Icaviii!:;, indeed, little, 
if any claim to supenority an the part of the Columbiue. 

The Acorn and Satellile are already stated to have been built 
finom the sane linei> and from the proportaons mentioned in 
the table given in page 285. There is nothing remarkable in 
their construction ; at the same time, there are an elepfance and 
easy .curvature in the lines throughout the body, which strike 
the eye* Thef^xtienlties under water aie rather ine, but not 
in theesftemei and the madsh^ section has a tiaing^ floor, with 
a straightness continued until it eomes within about 18 inches 
of the water-line, when it assumes a curvature gradually lalling 
into the form of the ship's side, which is nearly, upright. The 
gnn-deck of these ships is roomy^ and the same may be said 

X 
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of the lower-deck ; indeed, the whole internal arrangement has 
been greatly admired, both as regards the accommodations for 
the officers and crew, and the general plan of store-rooms, 6:c. 

' Tlie Wolf does not differ, in outward appearance, from the 
general form of ships : she carries her greatest breadth well 
forward and well aft ; her topsides appear to be almost a per- 
fect plane from the main-breadth line upwards, and they tum- 
ble home al)out 10 degrees; the main- breadth line appears to 
be rather below water amidships, and (rising towards the ex- 
tremities) makes a fair curve along the side, passing through 
the extremity of the wing-transom and a point of about the 
same height at the second port from forward. The general 
appearance of the ship is that of boldness and capacity. With 
the dimensions Caj)tain Hayes has assumed, he has aided the . 
stability, by preserving the vessel's breadth longitudinally, and 
has improved her weatherly qualities, by giving a form in the 
vicinity of the water's surface calculated to oppose lee-way, by 
presenting a perpendicular plane to the water when the ship is 
at a very frequent angle of inclination ; viz., 10?, 
• In one respect, however, the Wolf is very unlike most of our 
ships ; her ballast being so disposed that the whole,* excepting 
\^ ton, was placed abaft the mainmast; while the general 
stowage of stores and provisions resembled that of other vessels 
of her class. A knowledge of this fact corroborates the as- 
sumption that the Wolf's after-body is more than usually full, 
as she was tiimmed to an even keel. 

Now the tendency of this fulness iji the after-body is to bring 
the centre of gravity of the ship more aft, or nearer the middle 
of the ship's length, than it is commonly situated ; and this 
effect, though not without its advantages, is rather to be avoided 
than desired, for the following reasons. ^ 

When a ship tacks, she turns on an axis passing through the 
centre of gravity, and the resistance opposed to every point is 
as the square of its distance from the centre of revolution ; con«^ 
sequently, the total resistance will be a minimum when the sum 
of the squares of all the distances is least : or, which is the same 
thing, when the centre of gravity of the ship is in the middle 
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ol ker lengllu S« Hur^ then^ there Is an advaiitiig« in bring* 
iftf the^MiiIra gnifiiy imr tlw middle^ kngthwiie t but other- 
eontMrndmiSi tM|iovtaiiC«o n ■hip'i gtneral ovolvlioiiiy more 

thiui counterbalance thig. 

♦ Th^ great weights necessarily placed at the fore extremity of 
a vessel, (viz., bowsprit, anchors, forenatt, 4(o.) are so serioua. 
an •ril, thftt biingiag the ahtp'a cttttre of gravity afit is ttrangly 
«lb)ee6eii«blt, iaitiiHMih m it tnortues th«r dbtanc* fvooi |h* 
ciiilre of roroliitlon y the poettloti of there wsightt net being 
subject Xjcs alteration. And it is probable that the pitching of 
the Wolf, which war eertainly uneasy, and at times rather viO'* 
hMBt, may be eKplasned on this ptieciple* 

In the next place, it has been found that the immenied pait 
of a Mfp tlieeld always be farther forward than abaft, tfiat it 
iKiay be lesb opposed, in its direct motion, by the fluid through 
which it passes ; and that it may give better support to the 
duperkieambent weights, of which there is a greater proportion 
Ibrwafd ^ah aft, in all ships. The centre of gravity of di(^ 
friaeetnent being therefore belbie the nuddle, that of the ship 
will of necessity be so too, as these two centres must always be 
in the sanie vertical line when the vessel flgata in a state , of 
oquilibrium. 

. Afaittj the e0eet of the mdder la increased in a ratio depep4« 
ing on its distance from, the centre of rotation, and the shliebi 
of watres which repeatedly strike the bows of a ship have less 

effect in tiirnine^her fioni her course, in propoititJU to the proX" 
imity of the part struck to the centre pf gravity. These and 
th».above eooiiderattfina are at variance with adjusting a ship'9 
eantia of gravity to the middle of her length 1 and it; i# likely 
tiat Captain Hayes has himaelf known some disadvantage from 

it, if it be truly repoi LlcI that the VV^oIf is the " &iater-slup " of the 
last experimental corvette (Champion) built l)y him, the vessels 
diiferiagiu their after^^bodies only, — tha^of the Wolf being less 
Ml lhaii the {lampion's. ganerally improved ia hef 

tailing wiicn weights were taken forward, wbi«)i w^, perhaps 
from the aftei -])(jdy being raised a. little out of the >V8ter, an4 
the heavy run abaft thereby lessened. 

The position of a ship's centre of gravity lengthwise is a 
fMNtion of mi eohition 1 twi (9 distemninc its poaitien, in a 

x2 
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vertical sense, requires considerable labour and great cue. If 
obtained by calculation* The readket method of arriving at 
this conclusion is by experiment; and it would be useful to 
ascertain this point practically in the Columbine and Wolfy in 

which vc cannot sii]jpose a very near coincidence, owing to 
their great dissimilarity of form. 

During the first series of trials, the Columbine sailed remark- 
ably upright ; and though the Wolf was not represented to be 
wanting in stability, she certainly inclined much more tium the 
Columbine. In order to compare the stabilities of these ships 
with accuracy, their centres of gravity should be determined ; 
for we cannot assume them similarly situated, for the reason 
just given. 

In ships of the same class, and bearing a resembllmce m 
form, it is admissible to suppose that their centres of gravi^ 

coincide, when we wish to compare their computed stabilities ; 
for the extent to which the stability of a ship is affected, by 
raising or lowering the centre of gravity, is small compared 
with the influence which .^vim has in establishing that import- 
ant property. 

M. de Romme, in his work UArt de la Marine, remarks— 
" As to the position of the centre of gravity, no doubt it may 
vary ; but the limits to which it is restricted are very coiifined, 
especially in ships of war*'' 

A recent example in the Scipio, of 74 guns, armed for the 
first time in 1779, was hardly in the Roads before she was sus- 
pected of instability. It was important, in time of war, to clear 
up doubts on this subject, and to make the necessary expciri* 
ments to ascertain whether this dangerous defect reaUy esdsted. 

Fitst, the lower-deck guns were run out on one ride, while 
housed on the other, and the ship heeled 13 inches: the ship's 
company were then ordered to their quarters at the side on 
which the guns were out, which increased the inclination to 24 
inches. After these experiments^ she was tried under different 
sail in line weather, both free and close hauled, but was foniid 
so crank as to render the use of the lower-deck guns difficult 
and dangerous. Her instability Ijeing thus determined, she was 
ordered into port to be improved. 

. Opinions were divided as 4o the cause of the defect: some 
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imagined it to proceed from the form of the hull ; others from 
an ill arrazigemeat ia the stowage of tlie hold. The Chief £a« 
gineer was ordeied to attend al Roeheforl, to direct ndial; mea? 
sufes ahould be taken to give the Scipio, as well as two other 
abips^ (the Pluto and Hercules, built from the same plan^) the 
requisite additional stability. The Scipio was uuloadid, and 
tbfip restowedy under the direction of the First Engineer, hi 
hfpvJunt equipment for sea, she had 80 tons of iron and 100 
%ifm €ll.^t€iae ballast^ and, when reloaded, she had 198 tons of 
iK>n and 122 tons of stone ballast; and, as her displacement 
could nut be altered, it was necessary to take aw iy 130 tons of 
water, in order to preserve the sanie line of floatation. By this 
means, 136 tons were placed, in the second loading, eight feet 
loHier^tfaan in the first j yet, when the ship was completed under 

new arrangement, she was found just as deficient as before, 
inclining 24 inches with the guns out and men at their quarters. 

She was afterwards doubled with light wood, one foot thick, 
a4<(h(^ j^^eme breadth, and extending ten feet under water, de- 
'gifpping to four inches both lengthwise and depthwise*'' - 
' . M. de Romme considers that the instabOity cannot altoge- 
ther be ascribed to a want of extreme breadth, as several other 
74-gun ships had had the same ; but he conceives that it arose 
^[^.diminishing from the middle, at the plane of floatation, 
too quickly forward and abaft. 

1 ; It is certain that the depression of thcL centre of gravity vHiich 
amounted to nearly 5 inches, must have contributed to increase 

the stability, and have occabioned a difTcrence of nearly J inches 
4|^tbe greatest inclination 3 but as experiments, where men are 
alatikmed at quarters, are liable to much irregularity, an error 
fit tbia magnitude may be accounted for from the men running 
to the side to mark more strongly the defect of aHbad ship* 

From external appearance, the stabilities of the Wolf and 
^Columbine would probably be found to bear a very different pro- 
.|H>rtion at equal angles of inclination. Tlie stal)ility of a ship 
jl^pasea with her inclination, under certain limits $ and it is an 
'j|ipiportant jpoint, that the formation of a body be such as not to 
make the increase too sudden, as the angle of heeling varies. 
Attention to this particular will prevent that (luiek action in 
IQpiting wliich 19 obviously injurious . to tlie hull, masting, and 
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il(;gingr «f felt t«Mit) Mi4 it Is Mmia ttMH •i^cii»fl>tt Hn i p ti J' 

tinn, an tu the size of rigging aud spread of shrouds^ less im?. 
I^ortaiit. 

If, n l WiftH i ty ft VMB^ «f any (Mtftkular class cmpladi tliat httP 
figgiftg lie too Ught^ ^ too heavy, it fdvohM ft ^lastioft 
fMndcm im hef own fMsottliar ^wpmtkUy ftud daw MOt ma iii 

sfi! ih hear upoH other ships of her class. The easiness of a 
Ahip'd movements^ unquestionably atfects her durability m a 
t^ry considerable degree^ owiog the endiOBs direettons in 
tthich «ho k «3tpoiod ta Mndm t lieae* the ptHMmiit itMgth 
offt iMp's liftll, fti Mil fti that of tha iiMiu and rigging, da# 
pend chiefly on the theoretical skill of a eonstmeton A vw* 
Sel of small scantling would therefore encounter a storm with 
more safety than one of stronger biiild« if iajudiciousiy ioniisd 
and badly eioived. 

« In oaiieliiil«Ni«*^The ftifa|foiiig mmtlu are eluafly tl* sub* 
Miiee of ft joarfud ke)it on boaid the Waif aad Tym \ itti 

the object of their publication is to show, that when experiments 
are made to bcUetit the theory of construction, it is indispen- 
iablo that the pir^iaeiOia and obstr^rs should confer and apoe 
opoii ftkeasoraa by which their mwoI ofiiniotis and theorica uuif 
bo Most fblly tried. They ftio also intaodad to show that ndasa 

the subject be unremittinj^ly prosecuted, by a cartful attention 
to every practical hint, many of the principles of naval archi- 
leeUire must continue to be uncertain in their application; 
ftMi-4oaUyi that theto is evidently modi to baMBOinpUshtij^ 
whioh It would bo onfoasooablo to look for ftom bditMuri 
oxOftioo* . ^ 



Art. yiXlL^Nbtiee tf fhe ^ NaweOt Fttret MMHm H 

ArtiUcne. Par H.J. PuMans. Pmi$^ 1S22. 4/o." And 
of " ExpSiiences faitea par la Marine Frcaufit»e^ ^uir 
nne Arme notmlle. Par H. J. Pdxhans. Paris, 182$. 

Tub art of War has been defined to doptod on tho akglo 
pHMeitjple of ensiaftnj^ liho admtage of ft superiority of ioroes 

A 
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111 the war of fleets and armies, the concentration necessary to 
the practical application of this principle, has given ri»e to the 
numerous beauiiliil covnbirtfitiona and maBMUvm wIimIi ftftfi 
tkm iflmoe of tietict* If ire dsMend irom the coniidantM of 
liilHi iiii^ofoiloi^ <othi^ of 'thgirdolail, the MfH htmMtmnp 
and even personnel and materiel composing them, the principle 
will be found to l)e ec^ually ajipiicable ; for M tlie nunicrlcal or 
physical strength approaohat lo «tt-equaiityf tb^ superiiM^fyriif 

^ttbwM-mKiAt horn the eompftratmtfiiMiiOf oi- ^mmtm4 
immMf lim purp^ of aeHntotfOB* or is ihe mmm^ i$lmm 

progress of BlHral oreWitfietitre^ in tho 
various maritime nations, may he taken ;is au cxciii])liiication 
of thib priAcipler 1% hiM>vm 9^ constant endeavour^ pa the par4 
ilHiihi>iPref, t9 ooffiMfie tho oilvaiitogo of o oiof» ^mfmjtm m i 
MMMteif foMI thot M» to pOMOM iho •pptikir.clit^^^iii^ 
iri<»>^ Joiiidl» in whltover noimer m ni^ ooaiidef mtA^nimn 

tare, whether on its j^randest ^cale, of" coutt'Luliiii; llccHs, or in 
tlie uiore frequent occuiieiice of action^ Ijeiween biiigle ^hipfi^ 
i^ill be foNii4 peculiadj loooofliisl inibiit^ species of encounter^ 

|lit1lfciihirt»> ffiooifi^ of ewmty^ % w^^^ttitf of • h m^ MU 

liMl^lMM* •Ihir oppliooliott thm sopifiov oiopti» in p>» >H<t 

The progress of the memts toottoin this o))ject, since tlie in-* 

troduction of" cannon, ha*> been, first, a giiiduai incrt ase in tli« 
«i£e of tlie ve99eU» in order ol>taiu atipeiioffity f^^ji: fh% 

llmMm-imnni flmiim of «wol» tpptar l» Iwte atiMr jfMif 

Nearly Ih iw tf ^ ltnitl» w^nsk olhtr oonMderatioitf h»v«- ^bvMi 
to mi increase of their (iiincn^ions ; and that the nature of the 
advantage} lu be dej:iv^ iVoru cannon has ]>lcu uiui«2 fuUy yn* 
iiiliwiit endeavour \m bmm iU> oA^taio thd i»Mpao«C<|iiAi|| 
iliilMiii fcreo wbl0h ooch iress^t it ci^Nihlo of MigriDgi or 
jo ohl i iiM MmitwiHMn^of faree is »wi tiHi ii < i M 4»f ipaoftfr^- 

ExperitMicc lia.'* determined that tlu' icrtaicr llic calibre of 
the ahot, Uie bt^lter it adapied lor tiie purposes of destruc- 
tion^f hothwith respect to range and moinentiim; .^IftRPOqHiilfttly, 
|tfj|ij|IMi49^ Imft 10 Jifao trpight .«frr«^ 

jectile, depeud^-on th^ ipeight which li^ filim-^oifti^ 'lift with(H>t 
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will admit of actions between ships. But as it is evidently the 
Btait lm^ m of advantage which should be required, and as large 
4i9t neeessarily requhre Uige and h^vy giii»» which are op- 
posed to the Gonvenience and quickness of worku%^^ 
economy of men, and are also extremely detriaiental tiHW^ 
good properties of the ship; the m;ixlniuiii will depend on that 
modification which will ensure the lare^est possible ( aUbre, with 
tlie least weight of gun, consistent with perfect sa£elf ^fto&ii 
Imrstin^, sufficient steadiness of recoil not to dimt^toAMlft 
from itb direction, or to disable the gun by injury tO 'tNu'lMM 
riage or tacklinp^, and sufficicnr Innsfth to ensure accuracy of 
fire, and the Other advantages which depend on that dimension. 
^ ^ The theory of projectiles being« from the anomidies of tite 
resistance of the air, inapplicable to practice^ tbe^lpiteA^ 
peiuls upon experiment for its leading principles, ^^M»ll0Hkl^ 
deduced the followino: results, which refer to the ijiicstion of • 
the weight and lengtii of the gun, from the experiuieuts under- 
taken by him in the years 1783-84^ and 1785 :— " That l\m 
range is nearly as the fifth root of the length ^of ^^nti %ai i l 
That no difference is caused in the velocity or range by varying 
the weight of the gun. That the velocity is in a ratio some- 
tHiat less than the square root of the length of the bore, hujt 
greater than the cube root of the same/* u y 9^ .^HmKii 

* it appears, from these results, that the advantagSijmffci 
gained by an increase in the length of the gun, m h'wtBtfmKtk 
proportionate increase in tlie iLui^^e and in the velocity; hut 
■neither of tliese is, beyond a certain degree, of any great im- 
portsuce for the general purposes of naval warfocf fwiei^ 
ranges, with the numerous circumstances which mustl t i L i mf Afc 
a ship to render the aim uncertain, must be genertdif illlflW^ 
live. On the question of vek)city, experience has determined 
that there is an advantageous hjiii« to the velocity of a shot, to 
ensure which there has been, from tlie constant iuiprorpi^int 
in the quality of powder, a progressive decrease in the pmpor* 
if^onttle weight of the charge* 

' It may, therefore, be assumed that the determinatioR of the 

length of a gim, for navai purposes, miist depend on the length 
of chase which is absolutely necessary' for carrying the hre clear 
of the obetaeka offered by tlie side of the ehipj and for tndiiiiif 
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the gun ; and then, that the weight must depipnd on the charge 
of powder^ and on the steadiness of recoil required* 

• But 'H it not alone in Ihe perfectimi of the matmml ef vamk 
iMtai|»llMt'tii««ffioieiie3r whieli^ wiilieiiilire ■ucwifrie 

tained. The strength of a navy depends «o eempletely on the 
experience of its seamen, tliat the history of Europe will shovir 
tJiat whUe the navy of Eogiaod hsA, from that cau^e^ for ceu^ 
itillilftiH ineteaung In importaaee, the iMvi^ of thi ilWluii 
'lUl^mtm of'lteoontinent liavie rieen and fallen as^^sirioM* 
merce (the sole means bywhidi any adequate proportion'of their 
population eonhl hecome nuiritiiue) has ilourl^lieil or (leca\'ed. 

The unprecedented naval superiority. which Kngland esta<^ 
liMili4teiil%^the lest mt^ ba» o^cottne^xeicei her- epineiiMi 

i^iliirjiiiiiji Vfliiil I lilfi theaa again ta mmpm m m^^ 

'VM^ettaiee^^f-eiieeees. But it appeamta faa.fetti^tiybwlafc 
^umstances combine in ensuring to Great i Britain the general 
advantage of naval wai faie ; her commerce, her insular »itua- 
tinilflh<*|rfnTrin 1^7 of every part of her territor^p toiiie^eea, and 
iaii iWjiipiini'flmwIia^ of ewy imdiwdoal <>f »i» p ejlilgllia 

always antnie the pov«r^ het^wiyl 
Tiiis superiority is so completely felt, that other maritime ' 
l^awenp are liow turuinir all tlu ir energies* to create, bv artificial 
\lMMf\^''^6tne eompenaatiou ibr the absence of this innate naval 
^^M^^"^ 4iicofer MMne new medim af attack -ar 'Milidl 
iMBShf Moderft leM inetlatible in tti eaeet. ^ n vW; 

* Such are the energies ef Franee, always the nMt fsimMable 
of our riviilij, that in spite oi the recent utter annihilation of 

nav}', she 'is now in pt»»session of a force 53 line-of- 
IMI^afailMi and 55 frigates, building or built : and by the 
llriiUjtiM'- 1829^ ill appeals that 6 lMiie-of-hettliriehi|» a^ 6 
frigates ^^to^ he laid down In the eoone of- tfa^t yesk- ' Aid, 
fiilfv aware of the natural weakness of the resources of lici 
population, in a maritime poijit oi view, she has for ^omo years 
4Wiiiit«d^^'hifge ttandiiig navat force, consisting of a certain 
^riMlfil'br^«dmplet4y^>rg^ crefws, adapcad^eithw MmIv^ 
^m^'^^^f^^-^^^f'^'-o'^' M«» the Miribe^* of ^ If l gM i li i u 
•The men conipo?«ing these crewe ai* to htt tiai n ad li»^«segfaen, 
and kept in constant employment, either in tlie arsenals, or on 
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'ITiouj^h such a system as this, appears at the first view to bfe 
formidable, it will scarcely in reality be found to be one step in 
advance towards the removal of the cause of its formation. 

It requires more time to form seamen than probably any other 
class of men existing ; and it would be difficult, if not impos- 
sible, to p:ive any considerable number of men, drawn as those 
who compose these " Eqvipuges de Ligne'' are, from every part 
of France, the habits, experience, and feelings of seamen, with 
the limited facilities which can be afforded by the marine of 
any nation in a time of peace, which is necessarily destitute of 
all the motive and excitement connected with war. But even 
supposing that, by ^reat exertions and sacrifice, the system an- 
swered so far, that at the commencement of the next naval war 
France might be in possession of a respectable, nay, even a 
formidable, naval personnel ; the original cause of weakness 
would still exist ; there would l>e no adequate nursery, and, 
conse(}uently, no reserve ; therefore, although in a few early 
encounters we might be met on more equal terms than hereto* 
fore, the opposition would weaken as the struggle was pro- 
longed ; and a protracted war would find the pre-eminence of 
the navy of England more proudly and more firmly established 
than ever. 

' Among the second class of attempts to make the effect of • 
our natural naval superiority less apparent, may be classed the 
bomb cannon, proposed by M. Paixhans; under the idea, 
he says, that in future the naval power of states may be in 
proportion to tlie strength of their whole population, instead of 
depending, as at present^ on that part of it familiarized with 
maritime affairs." 

In the year 1822 M. Paixhans published a work called 
"Nouvelle Force Maritime.'' Its title-page declares it to be 
"An Essay on the Present State of the Means of Naval War- 
fare ; on a new species of Artillery, for Sea Service, of a most 
destructive nature to the existing classes of Vessels ; on the 
Construction of Sailing Vessels, and of Steam Boats of mode- 
rate tfiae, which, being armed with this artillery, will form a ' 
much more powerful, and a much less expensive, naval force, 
than can be obtained under the existing system." This work, 
which is in quarto, was followed, in 1825, by a small book, in 
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octavo^ containing an account of tlic exporiiueiits whifh had, iu 
the intf rifij beeo uttd«rUk§n l>y order of.ih^ French govern<> 
mt^t to HitiiliiM tho pwtiQai •tt c to ft y ^ VBi.^ifflrrr'rf'T 

The ''Noin^Ue PoraeMftritiBie" inTtstifftteft three separate 

propositions : the first of thet^e supposes the continuation of 
the present syttem of thilM ftf WMf .o^ various sinciy Irom Ime- 
ef4NitUe abips downwards; and eonuders Yi^w a wirimKi jif 

Hill ittaifiiilg aaUd^shal M Ihe projectlkf The atoondi unitof 

the same suppositions as» the la^t, of ships of various sizes, con* 
aiders tha same question of a maximum of force, and uait^ of 
calibc^ combined with the adoptipa f4 hollow shot* 1(1^ 
ihM'fimpoattion umlm 9, foiiii^M dbaage in the vfMm$f§* 
im^m^wuSani tti#4i8Mitwoatioa«CaIlthtUigc^hMM 
of ships, and the adoption of steam vessels^ of moderate size, 
and snmli saiitu^ vessels, as tiie only components of maritime 
iioree, ' This proposition involves^ according to M. FSirlltnt'ji 
ubi%-efwl » 4bmi§9 in the varioue veletiene mluA at prti^at 

The first division of the work conuneiices by a rapid exami- 
nation of the various irnj^rovements and innovations which iuive 
taken place during the last twenty ye«ur% iu the navies of the 
mmfA mriflhne ycrim^ belh mth reepeet t» the ehlpi ead 
th^fcdPliiHiiii; tut the eoMkul^n i% tbM gra^ prognNP 
ef Kxrt, ee It will neeessarily he nearly simultaneous with 
all nations, can neyer be of any otliei- advautage to any of theia 
111 ]:)re6trving them in their present relative station j an^^ 
Ihmfofe^ the only meant whieh can wreat the jioiverireiii 4h^ 
fWUMBorjef it» meal be eudi a ehei^ of eyiteiD ea will lender 
eielcei the mean by which thait power wpe obtained| aid ia 
sustained.*' 

M. Paixhans notices the various discrepancies which still exr 
ki wkh regard to umX af tilleiy • the variety of guns and of 
eeUbmiised topfodttoetheeaoiedeetnMsttveeffBoii tlieiittJe 
.appai<ena reguhirity displayed la the af^llcatimi of they" pawea^ 

and the want of system which is observable in the various prof- 

portions between the gun, the charsfe, and the projectile. He 

reaiiilma that as long a« seiicl proieetil^ ate msdp caaaon ahoiild 
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be the only weapon ; the ol)jection to carronades being the vio- 
lence of their recoil* But that, although solid shot nay bt 
appiwoble lor nMUng WMcliMmtlMiloiiewalbofa 
Mlow i1m»I, fiUed with powdtr attd other eombmlibl* Mttii^ 

are far more adapted to rend and set foe to defences of wood, 
impregnated witli tar ; and, especially in time of action, re- 
plete with every species ol inflammable s ubt ta nee j and crowded 
wMi eenbeiaKts* 

• M.Panh«M oomideii thity from the ianovatlatts hy wliMi 
the smaller eaHbres hav« been gradually replaced hy larger, 

and the number of different calibres diiuinished, there has 
been a constant tendency to approach a maximum of lorce | 
ipfaieh he dcines to consisl'in the gteatesC possible inifieasB of 
dntnietive effect combined with the greatest posdUe eiia- 
pHieatioa of the mesEbs ; wbleh will be attaiaed, ^ isifii tke 
calibre of the largest sized cannon on the principal battery of 
ships of the line, is adopted as the iok cakbre used for the or- 
HUeryof sh^qfwar.*' 

^ Mxhane then proceeds to the detenmnataon ol the 
masdmiim eaUbre, from a eonsidemtaofi of the various caKbrss 

ill use among the principal maritime nations, and he adopts 
the French SG-pounder as the most efficient under all cix^ 
comstances, as a solid prct^eetile* 

' "With regard to the proper proportioa of the oharga of.pow^ 
'der, he says, ^the question should be» not what qwrntity will 

produce the greatest effect ? but, what quantity will produce 
the effect most conducive to the object in view ? which is the 
destraetionof the planking and timber of the adfttseship; 
w&t hf shot passing with saeh ▼elodty that the elastlo Hme of 
the wood will nearly elose the apertare it has made, but hf 
shot rending and tearing their passage throui^h the side, and 
scattering around dangerous and destructive s})linters ;** and 
that, at least, all that can be urged is, that the quantity of 
powder must be in proportion to the eieet to be piodaoed, 
BWfo than to the weight of the pnjeetlle lia fast, that praotiae 
Mdeady shows this, as a S6»poQnder shot is fired from a 
cannon with a charge of twelve pounds of powder, and from a 
caiionade with only four.*' 

V He then examines tiie rehition whidi exists between iha iee%ht 
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of the shot and that of the gun, in the most approved pieces of 
artiUery; aiid from the experience tfaua collected, he profMMtif , 
^ 1. lUt the ae-fMUMler g«M» mi^ung 7190 pomdv 
■wjiiiripy a charge of twdfe (Mnrndi; shall coprinwe to be 

uaed on the lower decks of line-of-battle ships. 

" 2. That oB^poiTTifler giiiis of the same -vveiL^lit ;t«i the pre- 
sent ^^^ItoundcrSy that is, 5iIG pound.-?, ami i cquiiiiig a charge 
«f tern seven to eight pounds of powder } shall be used wMfA 
^•4ie "pv^flMt 24-|KMinder giUMjfor the nuddle d^eks/of lioet 
of ihmde ships, and the mdn decks of large frt^ates* r 
^ " 3. That 36-pouiiriLr ^uns of a mean w eii^fit between the 
weights of the present 1 8 and 12-pounder guns, and requu nig 
R*. (ihlMfe 4]| Iron iive to six pounds, shall be used instead of 
tbsrfpMeni'lS and 12-'pounder guns^ for the uppcfideeka 9i 
}km \wi hwtde ships, and the main decks of small frigalies^ «iA 
otlicr &uiall vessels, ^ ' 

" 4. That the present 36-poundei curroiiadeis, weigiiiiig 
2500 pounds, and requiring four pounds of powder, shall 
w a ad for the quarter-deck and fbtecastle, in line-of«baltAe shipa 
— dl iritpNis ; and for the inain*deck of corvettes^ &c.'' rf 

M. Paixhans considers that the objection which would be 
made to tlie-^e pnipo-^itinns, iniei-ht arise from comj)aring 
theac new guas»with caironades, and considering, that tiiou^h 
€mi9MMm1cb enmbine laige calibre wiUi lightness, k^is onlj.foe- 
iNMiy 'fbeMig used in the upper parts of ehips^ where gnaft 
length ^'ehase is not required to clear the side, they may 
short, aii<l the weiofht of iiu'inl saved l)v tlu' diminution oi 
leiigtii, will ensure suthcient thickness round the charge ; but 
»th«t«itilicrf destined to be placed between decks bejng nfcaaai 
0tekf: loMg^ ;to dear the' obstacles rising from the tfaiduie8a>of 
•iheeides^ must therefore he beairy. ; - : > 

^ 'J'o avoid difficulty, M. Paixhans pioposes that the 

trunnions in his new guns tshall be placed much neaitr tlie 
iiteatth* than in the old ones, and that stilLso preser\'e the prof- 
fer ^prapondaranec;"^ the simU «f the mnsle shall bedia* 



> The weig^ht which if placed at the muKsle of a piece of artillery, will put 
it ill equilibrium rouud the axi« of its trunntOBS. The ** preponderaoce," in 
the French ship artillery, is the eight of the gun, for tbssbort 36's» and 
fbr the 36, 30, 21, and IS-pouudcr carironsdes ; awl for the sboft 2l-> 
poandert* 



eoutintieii, and all uselcst metal atudiously avoided, while the 
Imeb Mill bstton mty be made weighty. With tMa same 
tiMV ihtt pfi p oi tt ^ that Hit bM^MlttttteM 4 MiiMrjht 
fhe f e i if X lM i b( eharge, «i<l sMI hklre%iit|llMiMiMiK 

at rlie iiu]//le ; hv all which uicatH, and from the consideratiW 
oi Ui€ rt;duced change of puwder, which will admit of \em 
tiMnMa^pf Mtaty iia eoMders thai \m giius will have the 
<if the 'iacTt«<» of oalibNy «|id lMMr%| ^ |hcM«Ml 

intended to wplae i^ >Wkh lef^rd ttK tl^ fMbi^lii-dMMM(^ 

that iti coiisciiuoiice of the iucrca^t'd weight of t!u' ])rojeL'tile, 
it will be more considerable than in the old guns, but that it 
^m^^ equil tMn wlMttftred^th^ mammtMm shotepi 
**M6WtbdMm^eMKn intii ui'eieaiinaatioii of llM^MllMiNfMll 
1l#fiall§ lAie exiMMM dlnaiF^ in^aiw wivAii^e^^ilttMMMlllllt 

hi;;id he classes all those irn [^Iriiient^ and nieau'^ of d ei< tract ion, 
which are not usually res.oiltrti to, suth a» fue»hips, tor])edoe?, 
iM^ng batiewM^ sceam bonct, atui a numefCMM laii-of jjiojee* 
^Klm 'He eikkiiroiirft to pmre, eking taHM f ii tl f ^faiiulif 
that but'fevp of diaae «ie enttOed' t6 laiielitt^lMMliMiMV 
and he concludes, that steam navie^ofr, iinft'4!MNiW|fcl^ 
jectilcs, arc the unlv cxcopliuHii Wintliv of particidar at^ 
tention. He taySy the navy of every nation ig still armeit 
wiUi tlw sane menif e thot to d<Mf^ « tagll9'4i^^ 
tatibie ■> etnictBre of • wood, that It - used MM wMk 
tetHeaftioiit oftctoiw : the largest of tbete'' la- if 'MiprilriM| 
and it is cvidtMit tliat such projectiles cau do i)ut ^nutll injiiiy to 
the muierir/ of an enemy, bince a ship may be btruek by &ome 
hundreda o£ ikam withotti being destroyed^ ^ the attack b)f 
i«rd.ifkMiiihott>Algicva^^^^ idl6, dielmpregnebl^piMIIMIr 
by 268 shot» fifty of which were beneath teKlieia^eiWlMriir 
4lMsyiiiiideiitarehot<if>68^ pownds were six feet below the 
line ui liuat-uticn, and yet this ship returned in safety to Gib- 
raltar. What would have been her fate had she beetvetnieb 

4nUt^ iieUinrik>t? la tec, tbe eieetof aelidilieeiMnnwl 

W <^ftwai<l< i*«M^ .fluaii thft iMifaiMMii^ of a navv. mAm^a 

in the twvlvie prinetfMd navel eetbot of the wen of the Rerolu* 

iion, the English had hut 1720 nun killed^ in the first Ameri- 
can war, only 1243 ; and in the seven years' war, but 1512; 
that is, a loss of only 4473 men m the actions of three, were/' 
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M. Paixhans then says, that though the destructive eftect of 
hoUMTpiiijMCilca charged «ritb> ftmim iuia bmi long lOHiini/f 
^idiilfti^ ^ ^^^Hfeii^pd^K t^itfl^^j^d^pit * ^luftfli' tt^s^vA* ^^^tm^i^K^p^^^K ^Mo^^^^c^ttt^tc^^ 4Iro^m^ ^^^^^ 
> iMMilnK7 of tKfe artillery, which alme teppropffntoi''i# 

using them, in all the essentials ol correctness and extent of , 
ran^e, eertaiiitv of effect, iiKxierate recolL uiul the prt's-orvatioti 
of the carriage; abova aii^ from ita^ultarMuiitness for the i^eue-^ 
wiiliijUiH of tha naval Mrvtcc fiwen villi^ all thiii tiiiiii 
nMtgii ^eiiiliii9 ngvnst thna> .M« Makam M^jtlitft.aMlift 
hifi^lit#a)rs been considered the most formidaUa wmpw ^S^mHk 
could he ii<ed !iii;iinst slui)pin|? ; if so, h(>\v iniicli more direc- 
tive nmst tiicv lie, hu argues, when, instead of beiiiq: dischftrgedl 
into the air to fali fiom thaiice almost at a haaard^ Ah«f ipmii^ 
^rlk^ afdvantastt' of aoewaaj^ whi»h oan gifoKlM^'t^ 
Birtiiyii»>ig.<faBir discharge to tJbatof .baU»;4)iftte4M 
being, at the same time, equal to five or six of these. ^ * nri 
Paixhatih ilieu (^uoUi» ikuiaeroub iubUiiet'h of the dcbti uc^ 
tM-ciicts 0f sheila whan, used a^mtt nliijifHPg, and gives m 
iMIuM't^ a vtsi mwRlmr of tigierimentirivibiob ted^ IMI 
hrtfclinn to tima vudartdmUi pwe their fftiMic]^^ tt» 

* More g<en^fally a'vailsbla* Ha c^uotes l^e opinions of 
main nun of the iireatest expcriLiicc mul (d' the lii^^he.st 

as to the expediency of eod^^'^'^^i^ to exLend iiie ' 
fdHg^of thalK utility ; among whowriy^ lind VauUaw, fl»lf«Ww 

mgil^ tAttmml^ Bodsdnardy Sehamhoiitf WiUintiolt^ Mi 
Napokan;. M. PiixlMMia f^mapraral lattm wtHibb by Na^ 

k'oii uii thi«i suljject ; the foUowint^ arc extracts from two of 
thein, the hti>L, ia CicLub^r lbU>, wiis w riilea to iaiuibter of 
|MIiRr''Je?oya charge d# fairelkiure un projti,|ia«rlitfiMl 
|iigpfei(A <«if^r dos bombeit on obuii 4* bmt pimioiii^ " ^^,].^,}tcm 
gte^iilittir.d'wi gros «iUbio foiiit trdp utiUa oontrt lat ^ttb* 
seaijx/* And again, in August, 18H t— ^ Je desire que vous 
me fcissiez coulei coaiiae essai, a la fondcMie de nouai, im 
ifcinon quafiuisse tirer des obus de huit pouces. Faitasiiusa 
Hgdhtant^pvlqM* i wHiter< ducalibmde 78»po«r i^.diiwMi 
iwiiwiillni pitof^y t v<aif> Vdfert qui ceU yrodnmifc'^ ^ ' :i ^rt 

This cannon, which M. Midmns aays, is srilia^fiimmf, 
}|ileaded as ii defence fur u, coast battery : it Aveigh^ 8500 
pbaiids. M. Faixhaas aays, this weight vim tto4 .t&^^s^.mt 
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mmry on meemm of the dMN^dMnit «45-poiuMfor9 whiehit 

was intended to discharge from it, but by the 7B-pound shot. 

The eft'ect of hollow shot beinj^ admitted, M. Paixhans then 
shows how gmdy the destructive effect of these projectiles 
my be increned by an increase of theic siBe, which, by enaUiog 
IIm^ to conCahi a mu^h larger proportion of ammiuiitioo, wiU 
make their explosion when lodged in the side of an enemy's 
vessel n^ore decisive. He then proceeds to prove the possibility 
of using this increased calibre with horizontal hre, by the fol* 
lowing observadoiu Vif: 
. lit ^The calibre' of projectilea, that is, ihe weight 6f ^ 
Sphere supposed solid, is in proportion to the enlie of their 
diameters ; consequently, a great increase of calibre may be 
obtained by a comparatively small increase of diameter ; thus, 
by doobling the diameter of a 24-pounder hollow shot^ con- 
taining only one pound of powder we obtain a shell of the cali'* 
bre of 200, and containing eight pounds of powderJ^i/'* ' t- 

2dly. " Since the thickness of the side of a ship will con- 
tinue the same as at present, tlie increase in the calibre of a 
ship-gun, need not be accompanied by any increase in the 
length I and therefore the weight of a gun may increase in. a- 
much less proportion than its calibre. ^ '^^ 

3dly. "The largest hollow projectiles which are at present 
used with horizontal fire, are shells of eight inches in diam- 
eter, that is, a calibre of 80 ; and the artillery from which 
are discharged, does not weigh more than 1 150 pounds, 
the charge must neicetaarily, therefore, be very small, and, in 
fact, the range is not equal to that of a 4-pounder gun. But 
the Spaniards have lately made howitzers of the same calibre, 
weighing 2400 pounds, which by admitting the use of larger 
charges of powder, give their projectiles a range equal to that 
of large cannon; It is therefore evident, that with the charge 
of powder, and length of gun, which might be obtained by 
this use of a weight of from 5000 to 7500 pounds, that is, 
from four to six times tliat of the French howitzer, and from 
two to tliree times that of the Spanish, and which weiyght is that 

* The term calibre," in Eoglish, refer-; to the diameter of the bore of the 
gaii i we shall, however, in traoslatioui use it uccordlug to the definitioo M. 
' Psiilmiii has Iwre given <»f It. 
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commonly used for ship artillery^ shelU of a larger ^calibre Umi 
80 might be effectuaHy used. 

*^ h raultt ffom th^ observatkinty that by a proper distri- 
bution of the aame qifantity of metal which it at present used 
for ship artillery^ other artillery may be formed, of sufficient 
calibre for the shells mentioned, of sufficient strength to resist 
^the action of the charge of powder neceasary, of sufficient 
length to be clear of the sides of the ship^ and of sufficient 
weight to resist the violence of recoil ; for the large-siaed can* 
non offer sufficient resistance to this action, even when dis* 
charged with three, four, and five solid shot, and a propor- 
tionate quantity of powder : now there is as much solidity ia 
two shot of 36 pounds^ as there would be in a shell of the ca* 
Ubre of 120." 

M. lUxhans then assumes the weights 4200, 5100, and 7200 
pounds, that is, the weights of the French 18, 24, and 36-^ 
pounder guns, and as he has before decided that the destnic- 
tiveness of a projectile is in proportion to its calibre, the ques- 
tion becomes, what sized shells can be dischai|Eed from ^aanon 
of these reapective weights ? The limits by which it is confined 
are^ the length, dependent on the situation of the gun ; the 
strength, dependent on the calibre of the piojectile, and the 
charge of powder ; and the recoil, dependent on the weight* 
M. Paixhans says, that as the new guns are to replace the old, 
the length of chase may be retained ; and as the thickness of 
metal need only increase In proportion to the cube root of the 
diameter of the bore, and as proportionately less strength is 
required to discharge hollow, than is required for solid shot, 
sufficient strength may be easily attained ; therefore, the only 
limit to the size of the projectile will be the ensuring sufficient 
inertia for the recoil. 

The weight of the gun in proportion to that of the shot is 
determined from the results of a table containing these pro- 
portions for most of the artillery at present in use ; the deduc*> 
tion is, that from 70 to 100 times the weight of the projectile^ 
would be found to be sufficient; and that, therefore, with ar- 
tillery of the weights of the 18, 24, 36, and 48-pounders at 
present in use, projectiles of the caUbre of 90, 110, 150, and 
250 might be discharged; but that for the sake of unity of 

X 
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calibre, and also for the advantage and convenience of not «c- 
cccclifij^ the weit^ht of the largest projectile at present in use 
oil board ^hips, the calibre, of the lioiiow &hot «haU be liiuited 
to M. PaixJbana then pfcfos/u, 

h *^ Thai the ' prcmt 96rpoimder canromides, wtighing 
2500 pounds, and aho the eannon of twdfe poufHk, «hall ba 
replaced by carronades, adapted to discharging shells of the 
calibre of 48^ and weighing 35 pounds; which carropades 
would, therefore, weigh about 72 times their projectile. 

2. <'Thiit the 18«pounder gunt, weighing 4200 po«ii4a» be 
replaced by eennoB of the same weight, but of the calibti of 
48. This gun would weigh 1*20 times its projectile. 
• 3. That the 24-pounder gun, weighing 5100 pountls> be 
replaced by caanon of the same weight, but of the calibre o£ 
48. This gun would weigh 145 timet its ^lojeetik. 

4. ^'Tlmt the present 36«poander gun be reboied Co thje 
cdibre of 46 1 this gun wItt Uien weigh 201 tiiaet its projee* 

tile." 

Thus M. Paixhans extends the same principle of unity of 
ealibre, combined with increase of force, to his tysiem of hol- 
low shot. But as the reason of fixing on the calibre of 48 wae 
for the sake of unity of eallbre} and noe beeasne that waa tiie 

limit of the advantages winch might be derived from the weight 
of the present heavy artillery, he adds the two foiiowing pro* 
positions 

1 . lliat bomb cannon of the weight of 7200 fKMUids, that 
of the present 36-pounder guns, and of the calibre of 80, be 

made. The shell for these guns, when charged, will wdgh 65 
pounds, and be 8 inches iik diameter. The proportion of the 
gun to the projectile will be 130. 

2. That bomb cannon of the weight of 10,800 pottidi^ 
.that of the 48-pounder g^ena, made in 1812^ and of the calibre 

. of 200, be made. The shell for these guns will be eleven 
inches in diameter. The propprtion of the gun to the projec- 

. tile will be SO." . ' " . 

M. Paixhans then, in pntsuanoe of the same principle to 
which he adheres throughout his*work, deducea the thiekiieaies 
and proportions of the several paits of his oamiQB) Irewi fiie eaa- 
peiience of what iiab been iouud to i^ucueed iu actiud pcacticCi 



Digitized by Google 



Ranm ki on Bonib Canmtu 



as exemplified in carronadts, mortars, howitzers, and wiHan- 
trois ; ^ and also on the opinions of Scharahorst^ Gribeauval^ 
and other writers. 

M. Paixhans then enters into the detaii of the piojectiles^ w 
shells ; these he determines should be of | the weight of the 
solid sphere of the same diameter | and, for die sake of eor-* 
rectness of fire, should be concentric, that is of a parallel thick- 
ness of metal. He recommends the use of a metal fusee, 
screwed into ^ shell i and that the bomb itself be filled with 
the following proportions : — ^ of the best gunpowder, ^ ol 
incendiary eomposidon, and -^V of a eomposition to create 
smoke, when the shell bursts on board an enemy's vessel. 

The next thin^ M. Paixhans (onsiders is the charge of pow- 
der calculated to produce the most desirable effect with this 
species of projectile. This cffsct he defines to be, 

1. Tfattt it shall be suffieient to give ranges equal to^thoee 
of die larger cannon at present used on board ships, aikl this 
without requiiing Loo t^rciit an elevation. 

t **That it shall be only sufficient to force the shell 
throi^ the side of the enemy, with such velocity, that the 
largepees of the mass of the shell may have its fiill effKt in 
tearing and remliBg itself a passage, and making destnictive' 
splinters. 

8. **That it shall not cause too great velocity, but only 
enough to ensure the shell's exploding, either in the side of tiie 
ship, (»r on board \ to give fall effect to the oomposidon with 
which it is-oharged." 

From a table of the proportionate charges of nnmetons 
pieces of artillery^ Al. Paixhans finds that they vary from -.^ to 

the weight of the projectile; and from a selection from 
among these, he proposes the following charges - 

I. For the earronade^ of the calibre of 46^ and of the 
wMght of the present d6*pounder canonadcj a charge of 9^ 
pounds of powder I this iHll bt -jfj of the weight of the hollow 

shot wlien filled. 

2« For the 48-pounder gun^ of the weight of the present 



* A species of mortar, nunicd after its inventor. The mortar in Sl^ 
James's Park, Trbicb was used at Cadiz, is a VVillautrois* 

y2 
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18-poiittderSy a chatge of 4^ pounds; this wtU be of the 

weight of the projectile. 

3. For the 48'pounder gun, of the weight of the 24- 
pounder, a charge oi U pounds 3 this will be ^ the weight of the 
projectile. 

4. For the 36-pounder gun, bored to the ealibre of 4^ a 
eharge of from 6 to 8 pounds of powder. 

5. ** For the SO-pounder bomb cannon, of the weight of a 
d6-pounder> a charge of from 8 to 9 pounds ; this will be the 
weight of the projectile. 

6» ^ For the 150 or 200-pounder bomb eatmoiiy a ebarge 
of 10, 12, or even 15 pounds of powder.^ 

For all these guns, with the exception of those of the larger 
calibre, M. Paixhans proposes that carriages similar to those 
which are at present in use be adopted^ as the weights of the 
guns will be the same^ and there will be no alteration in thetr 
form which can aflect the carriage. For the larger bomb 
cannon some modifications in the carriage are proposed, with 
the intention of lessening the violence of the recoil, and facili- 
tating the loading of the piece. The body of the new carriage 
is to be similar in shape to that of the present carriage, but 
without the trucks ; so that the recoil will be opposed bjr the 
firiction of the carriage on the deck, or on a platform laid for It. 
But as this friction would also increase the difficulty of working 
the gxin, two wheels are placed one on each side, near the breast 
of the carriage, in such a manner, that they may be made to 
bear on the deck by raising the rear of the carriage with a 
lever; tbis lever has' a small wheel in its lower extremilj^ and 
is so contrived, that the carriage will, when the lever is under 
its rear, be supported on the three wheels mentioned, which are 
intended to facilitate its being run in or out. There is also to 
be a directing bar, connected to the side of the ship by a fight- 
ing-bolt| and of sufficient length to admit of the gun s being 
run in to be loaded. The bed and transom of the gun-ear- 
riai^e will be scored over this bar. In order to facilitate the 
training the gun in a fore-and-aft direction, the midship end 
of this directing bar is to have a ||nall wheel in its lower sur- 
face lying in that direction. Also, to obviate the diificul^ of 
loading these guns with such a weight as the large shefls must 
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be, it is proposed to have at the side end of the directing bar, 
a vertical rack, with a pinion placed horizontally ; at the upper 
extremity of the rack, a vessel or saucer is placed to receive 
the shell, which may then, by turning a handle connected with 
the pinion, be raised to the height of the muzzle of the gun. 

M. Paixhans having thus proposed for the present classes of 
ships, i&rst under the system of solid, and then under that of 
hollow shot, an armament which he considers unites the max* 
imum of force with the greatest possible simplification of the 
means ; and having also shown the possibility of a far greater 
extension of the destructive powers of the system of hollow 
projectiles, by the increase of their calibre, next proceeds to the 
third division of his work. 

This division consists of an inquiry into the possible or pro- 
bable changes in naval warfare, which may arise firom the in- 
troduction of bomb cannon ; and also into the means by which 
the advantages which are to be derived from them, by the In- 
crease in their calibre, may be made the most available to prac- 
tice. M* Paixhans pursues this inquiry on the principle that 
with the present system of solid projectiles, a large vessel has 
little or nothing to dread from the attack of a smaller one ; 
but, tiiat with the new system, from the incomparably greater 
destructive power of the weapon used, the safety of the largest 
ship might be endangered by the smallest. This fact, he ar- 
gues, must operate a vast change in the whole system of naval 
warfare^ and will materially alter the existing relations between 
the various maritime powers ; for, since the comparative force 
of ships would no longer depend on their relative size, the ex- 
penditure of men and money necessary to equip a large ship 
would no longer, as heretofore, purchase her immunity from all 
danger except such as must arise firom a force opposed to her 
at an equal, or superior, expenditure ; therefore such costly 
machines would necessarily cease to exist, as no nation would 
equip a force which might be opposed to, and even destroyed 
by, one of comparatively trifling expense ; and thus, conse- 
quently, the great obstacle to acquiring and maintaining a laige 
naval force, which consists in the necessity of possessing an ex- 
perienced and nwm^ioM^. jjcrsonacly would he wholly removed, 

it naturally arises, M« Paixhans concludes^ from the fore* 
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oing eoosklerationsi that the present clamt of ships aright he 
adnuitageoutly MipersMted by otheit of lest oxptntCf and non 
Adapted for tho efldtnt use of horob cannon of large calibre. 
M. Paixhans argues, that although, from the great destructive 
force of the individual weapon used, the smallest vessels, armed 
with them, might, in many caieS| be <|iute suiiicient to compro- 
mise the safety of the Uigest fesseb, armed on the firholi^igfs- 
temi yet as there are many circumstances under iijl|N|k^f|idi 
vessels would not be effective, it becomes necessaiy-to detei^ 
mine in what the limits which should regulate the sizes of those 
which might most advantageously be adopted, should consi&t. 

M* Paixhans Kays, tliat the maximum limit does Tftfi|l(ifffnd 
on the mim^ of bopab cannon necessary to oppo|pt^f^ ||||io* 
of-battle ship, armed as at present, since this wifuU ]NM«ry 
much dependent on circumstances ; but that the limit must evi- 
dentlv arise from the coufsideration that a vessel of the new 

» 

class, should not be inferior to one of the old, in those qualities 
which contribute to the efficiency of the force fhftiejdi\f|tinf|j[ to 
carryi fhus the vessel of the new cUus shouU.fioiSfp iijpe) 
speed with the ships to which she will be opposed, aaM^^ali 
circumstances of wind and sea; and she should also possess, at 
the least, an equal power of using her new " arm'* effectively in 
heavy weather* Neither of these conditions involve, Aii^^aix- 
bans considers, the necessity of having a very Uiyi;, 
especially as he concludes a sufficient number of tbi!^ 
cannons, to meet every possible contingency, may be cai 
a single battery ; consequently the new class of ships may be 
* built solely with a view to ensuring velocity, and such stability 
that the battery may be of a sufficient and considerable height 
from the water. ' . . , y^^*;^; 

In the former part of this work M. Paixhans came to the 
conclusion that steam navigation was peculiarly adapted to com- 
bine with the new system of hollow projectiles ; and in this 
division of the work he again reverts to that conclusion ; he 
points out the advantages that steam boats would possess^ from 
their pn^fress being totally independent of the wind ; from the 
facilities which this circumstance also affords to the diminution 
of their draught of water; from their navigation not necessarily 
requirmg any great knowledge of seamanship ^ from the com** 
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parativeiy small uttate of baads required to fi»nn tb#ir fmrs ; 
WBtA nko firom tbd comparatrrafy «m«U lisk the^ wovld nm, in |i 
wS&tAxy point of viiew, as sise not being necessary to ansiire ' 

kwjity, they need not be larger than is required for the effective 
use of the force they would be intended to carry. " Thera i* 
-also^'' he says, another advantage peculiar to them, arising 
ixom tt|^ power, which their mechanism affords of turning the 
piMle-whaals In either direct3i»i» by which they would be 
•naUid to avoid pretienting a larger mark for their enemy than 
would be afforded by their extreaiities." M. Paixhans does 
not however consider steam navigation has yet (1822) arrived 
attSM^^ient perfection to warrant the sole use of steam boats for 
ik» mfr classes of ships. He^ therefiorei proposes both bailing 
vessels and steam boats j an'd that the principal ship in the new 
gg/item *^ shall be a frigate, of a middling size, armed solely 
with bomb cannon,'* principally of the calibre of BOj but each 
vessel may also carry several of thelai^est calibre.. 

The steam boats are to be of various sisees; the smallest of 
ipfteient dimension to carry one bomb cannon of the calibre of 
W9^i%0 be fired from each extremity of the vessel, and to be 
a sufficiently good sea-boat to use these cannon effectively in an 
ordinary state of the weather: but these small boats are to be 
<^imi4fired luoxe as forming a local force for the defence of har- ' 
fappiifimd coasts, and are not intended for distant enterpriset 
' other steam boats^ of Urger dimensions, are to be con- 
straeted to carry several bomb cannon, to be fired from each 
extremity, and to have such qualities <ih will enable them to be, 
i|E|.soaie degree, sea-going vessels. All the steam bnatb are pro- 
posed to be built and htted to obtain the greatest possible 
vclpcity which the most improved state of steam navigation 
will admit of, as the principal advantages which may be derived 
from them will be the result of their being able, in many cases 
of calms, or adverse winds, to attack sailing vessels almost with 
i^jpHtnity* The reason M, V^ixhans only proposes their being 
ffCfK^ ^ th^ how and stem is, to take advantage of the pe« 
-t, culiarity which, it hea been already mentioned, they pos* 
sess, of never offering, either in attack or retreat, a larger ma^k 
to their oppuixeut b shot than is afforded by their transverse seo- 
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VL^KtsSbm aba propoM iwtitog btttafiM, to be wamA 
solely with bomb cannon of the Ingest ealtbie ; these betleriet. 

are intended to be used for the defence of harbours, roaditeadiy 
to.; and, in very many cases, to supersede the necessity of 
coast fortification. These batteries, also, are proposed only to 
have a single range of ports. 

As all these classes of Tcssds, from the smaHwt, aie ciMBft- 
pete even with the largest opponent, and as their npper-ilecks 
must be completely commanded by the higher batteries of the 
present two and three deckers, M. Paixhans j)r()poscs that this 
deck shall be protected either by iron, or by some means of suf- 
fident strength, that the shot, which will necessarily only strike 
its surface at a very small angle, may not be able to penetrate, 
and will, therefore, ricochet from it. 

' M. Paixhans enters into some further detail respecting the 
extension of the application of defensive armour for ships ; he 
considers the plan sufficiently practicable to ai^rtze both in- 
quiry and experiment to be made in further consideration of it* 
He proposes the application of metallic defences to the esterwr 
of his floatiag batteries, and to the bows and stems of his 
' steam boats. 

M. Paixhans concludes by recommending a series of experi- 
ments to be made, on a scale of actual service; that is, that 
cannon of the various calibre proposed, should be cast« and the 

effects of their discharge, with shot, shells, and grape, carefully 
obsened, both ac^ainst shipping^ and fortifications ; and then, 
should the results of these experiments be satisfactory, he pro- 
poses that a corvette and a steieun boat should be built,and fitted 
with the bomb cannon, in order that they may be put to the test 
of actual service. Tt appears from the octavo pamphlet, which 
was published in 1825, that the first divisiori of this scries of ex- 
perimeuU has been actuallv undertaken, by order of the French 
gorernment. This pamphlet contains a summary of the princi- 
pal points of which an account ha^ been given in the ^ Force 
MarUime'* It also gives the detail of the above-mentioned 
experiments, and extracts from the rej^orts made on them. 

The experiments were made with cannon of the calibre of 
80, 36, and 24 ; and an old 60-guii ship was chosen to serve 
as the subject of the experiment; every precaution being pre* 
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a munber of fheUs were then iii cce— i f ely diachaifed et her 

from various distances, and with various charges of powder; 
after each discharge she was examined, and the effect of the 
entry and explosion of the bomb carefully detailed, both with 
respect to the danuge done to the vesiel^ and to the nuinber of 
efigieaof seam^ whicli were pku:ed in her. 

The foNowing is an extract from the report of the commis* 
sion, wiiich consisted of sixteen officers of the navy, artillery, 
and Geim Maritime, 

'^M. Paixhans has proposed, 1st, to discharge ahellt at the 
sane «n||^at which solid shot alone have hitherto been usually 
fired. In this he has completely succeeded. 2dly, to produce 
great effect in a vessel struck by these shells. The effect of 
these projectiles is evidently so terrible that we suppose one 
or two of them bursting on a deck, would cause such coafuwn 
and destructioi), as would render the possibility of the continue 
ation of the defence questtimahle. 3dly, to produce, by the ex- 
plosion of the shell in the sides of the vessel, such damage 
that would, if it took place near the water, compromise the 
safety of the vessel. There can be no doubt on this head^ as 
may be proved by the effect produced m one of the expen* 
mentsy which was such, that if it had taken place near the 
water, would have been irremediable." ' 

Experiments ueie also madt' to ascertain the comparative 
ranges of the new and the old guns, and of the iormer with both 
solid and hollow shot. The following table contains the re- 
' suits of these experiments. The solid shot, of the calibre of 
80, weighed A3 pounds; and the hollow from 56 to 58. Tlie 
solid shot of 36, weighed from 38 to 39 ; and the hollow shot 
of that calibre, from 26 to 27 pounds. 

' We give, in conclusion, the following table of the principal 
.dimensions of M. Paixhans's cannon. (See Figs. 38 and 39}. 
Fig. 38 shows. the form of the proposed guns; and fig. 39 shows 

the chamber, with the charge^ shell, and wood bottom. 
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Theoe tneaii rangM w«re det«rinni«d from Iht ttftroft of oax 
dlsehar^ with the Mine chaigie of powdtri aft Meh lu^gli of 

devatfon. 

We shall now offer a few obsen-alions on the alteration 
proposed hvM. Paixhans. The principle by which he has 
been guided is — assuming a certain weight of prc^tiie ; ho 
0€terlnifieB> from tlit esperieiioe afforded by the oomparuon 
af a largte numbtf of piaee* of artOleiyy the omalUit ptopor* 
tionate weight of guti which will posiese tuAeiont inertia to 
ensure a moderate recoil in proportion to the charge of powder 
used ; on this consideration he determines^ that with cannon 
of the same weight as those at present vied on board the Freneh 
ohipO) larger and heavier projeetUee may ba dieeharged, widuait 
any dioadvantageoiM increaee in the reeoii of the gon. Thie 
conclusion would be perfectly correct if he could, at tlie siune 
time, retain the adjustment of the weights in his guii, similar to 
that of the weights in the gun it is^ to replace : but to tnabla 
him to preocrvB the eame length of ohaoe^ and td uiaraaoe the 
strength of the gun at the part about the charge, m proportum 
•0 the increased charge, he is obliged to make very eootiderable 
alterations in their adjustment. 

He evidently founds the alterations which he proposes in the 
proportion of the weights of the parts of his gun, on the prin- 
ciple that it is sufficient to presenre the same preponderance, 
without regard to the manner in which it is acquired. In the 



Digitized by Google 



MtHHItkB Ml Sonftb 0Mllili« ttt 

guiM hi pt«|iOBe»i the piaprntbintt kngth of the ]Mrt in the 
tear of the tniiimdiis is rety mueh dtminiehed^ 'while it* weight 

is increased; and that of the part in front of the trunninn?^ is 
proportionately diminished; so that the distance of the centre 
of gravity of M. Paixhans s gim, ia rear of the trunnions, will be 
mooh Jess than in the old gun \ thoiigbi from the diffettlice in 
the edyustmeDt of the weights, both guns will preserve the suae 
preponderancei 

Now, by the force of the re-action of the charge, a p;iin, 
when fired, not only acquires a motion in the direction of Us 
length, which is opposed by its inertia, but .also, as the motion 
in thatdireetioB is checked, an angular motion roiind its tnin- 
nbos, ttsually ealled kiekiiig, takes Iplace : this motion is op- 
posed by the moment of inertia of the gun, estimated from the 
axis of \in rotation, the centre of the trunnions; tliat is, the 
weight of the gun multiplied into the squaxe of the distance oi 
its centre of gravity in the rear of the centre of the trunnions. 

Now, if we sujypose the gun to be in equilibrium round the 
axis of the trunnion, the weight, which, if placed at the centre 
of gravity of the gun, would give it the same preponderance as 
the old gun, will vary inversely as the distance of that centre 
of gravity in the rear of the trunnions. But the weight, ivhiob, 
if pkeed at the centre of gravitjr, would preserve the samo mo* 
ment of inertia which enisted before the alteration, will vary 
inversely as the square of that distance : consequently, that 
part of the motion of recoil which is usually called kicking, will 
be less opposed, and thereiore more violent, in M. Paixhaofi's 
gnn than in the present gun of the same weight ) even under 
the snp^ition that the steady recoil on the breeching is the 
same in both guns: hot M. Pkixhans^ as we faaive be£»re said, 
admits that this action will be more violent in his gun than in 
the present gun, in consequence of the greater weis^ht of the 
projectile. This will, of cours^ furtlier increase the violence of 
the kicking. Now, this motipn is, particularly lor ship guns, 
extremely injurious; for, after a few founds, when the heat of 
the gun has had the effect of increasing the proportionate 
strength of the charge of powder, its violence is frequently suffi- 
ciently great, especially in connexion with the motion of the 
shi|i^ to and eonseqnently, a tt»% to disaUe many 
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ol the guns* One of the first considerations, therefore, in all 
alterations in ahip artillery, should be that of assuniig the 
greatest possible proportionate angular inertia, estimated in the 

rear of the trunnions. 

The experiments which were made with ^^. Paixhans*s guns 
only determined the destructive etfect of the projectile j in con- 
sequence of which^ sufhcient time was aDowed to elapse be- 
tween every discharge, wtitle this was being ascertained, for the 
gun to cool } and therefore no coneluflion could be drawn as to 
its efficiency with respect to recoil, during the rapid firing iu 
actual combat, within point blank range. 

Though there can be no doubt that the system of attaining 
a maximum, by the adoption of the unity of calibre, would be 
attended with some practical conveniences, it remuns to be de- 
terniined whether the foregoing considerations may not render 

« 

further modifications necessary to avoid the iiu-onveniencies 
which would attend the extent of alteration M. Puixhans pro- 
poses to make in ship artillery, in order to obtain this advantage. 
However, these objections only attach to those divisions of M. 
Faixhans's proposal which relate to the eusting classes of ships. 
'^I'he third aivibion proposes the (li^continuance of those classes, 
and the introduction of others, to be built purposely for the re- 
ception of bomb-cannon ; in these, the ship may be completely 
subordinate to the weapon it is to carry ; therefore the ord- 
nance for all these classes q{ ships may be rendered as perfect 
and efficient in every respect as the improvement of modern art 
can make them ; and to these classes, we conceive, M, Paixlians 
should have restricted his proposals. 

The question of the danger attendant on the use of hollow 
shot is one which can scarcely be decided but by experience ; 
we have before us a ^ Memoir on the Use of Shells, Hot Shot, 
and Carcass Shells, from Ship Artilltr\, by Captain Hastings, 
of the (ireek steam vessel of war, Karteria," from which we 
fehall (|uote one or two passages, as giving the opinion of an 
officer of some experience in the use of these projectiles, An 
objeetton 1 have frequently heard made to the use of shells on 
board a ship is, the danger of having a quantity of loaded shells 
continually on board; to ine the loaded sheik have always ap- 
peared less daugerous than powder, in cartridge, or in any otlier 
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form : I placed each loaded shell in a box, these were stowed 
in the shell-room in rows, retained by ttaochioiis and shifting 
battens $ and on the lid of each box was written the length of 
the fusee and the nature of the shell ; each shell was handed np 
in its box, and only taken ont of it at the moment of being placed 
ill the gun. - - - - I have fired about eighteen thoii'^and 
shells from this ship, and have never had the slightest accident 
, from explosion ; the guns have never broke a breeching, drawn 
a bolty or injured a carriage/' 

One of theobstacles to the perfection of practical gunnery arises- 
from the rotatory motion which a shot acquires, c ither by its fric- 
tion against the sides of the piece from which it is discharged, or 
by some imperfection in its manufacture. The axis of this motion 
not being coincident with the line of motion of the projectile, 
causes an inequality in the resistance the air opposes to the 
parts of its surface, that will of course act as a constant force 
in alteriiic; the direction of its motion. This inconvenience is 
remedied ni small arms by the use of rifled barrels. Attempts 
have frequently been made to introduce the same principle in 
artillery, but with very partial success. In a paper by Lieute- 
nant Colonel Miller, in the Philosophical Transactions for 
1827, Part I., is an account of an invention of his, which cer- 
tainly, in principle, conipletely removes the above-mentioned 
difficulty, and from the experiments detailed in the same paper, 
appears capable of being perfected in all the essentials for 
practical success. 

Colonel Miller having observed that the resistance of the air 
on slight imperfections on the surfaees of shot, produced con- 
siderable effect on the direction of their motion, concluded, 
that the rotatory motion of a rifle ball, was not so much 
the result of the motion it acquired in forcing its passage along 
the spiral grooves in the bore of the barrel, as of the cond« 
nued action of the air on tlie spiral ridges raised on the elon- 
gated ball. By firing shot of a cylindrical shape with spiral 
grooves on their surface, from a cannon with a plane bore, he 
Ibuhd his conclusions were correct ; and that these shot ac- 
quired a rotatory motion round the axis of the cylinder $ this 
motion was further preserved b) di&liibuting the weight of the 
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cylinder, so as to prevent any altemtiou in the position of iu 
axis, from tlie hoe ol moUon. 

This aiteration m the form of tha pn)}eetile, from a sphere to a 
cjrii&der^may he advantigeov&ly adopted^ eapeeielly In iongraogett 
where preetsion is reqaired ; and, therefore, ui all the imalle'r 
clashes oi vessels, which could, of course, only compete with 
the larger ones under such circumsUaces. 8olid shot of this 
8hape» of increased weight, and consequently with an iiiereased 
momentum^ might he fired from the hora of all the present 
artiHeryy having etiffielent ineitia to withstand thi^ incit aied re- 
aedon. But the advantages of this form would be more felt' 
in its application to lioUow projectiles, in which the destructive 
eilects defend more on the quantity of explosive matter they 
are capahle of containing, than on their volume* 

Now the content of a oyiindrieal shot, will be to the coDtant 
of the inscribed spherical shot, that is, to a spherical shot of 
the same calibre, and of which the diameter is equal in length 
to the axis of the cylinder, as three to two, and their weights 
will he in the aame proportion ; and as this proportion remains 
invariable for all calibres, it appeart, that, by the adoption of 
tho oyUadrieai form tor shot, withont any increased length bt« 
yond the diameter of the spherical shot, projectiles of one-half 
more weight, and containing one-haUaiore explosive matter, may 
be discharged from artillery of any calibre, than if the projec* 
tile were of the spherical form. Consequently, a Ibroe equal to 
that proposed by M. Paixhans for a line-of-battle ship, might 
he ohtmoed with artillery of a calibre less than what is proposed 
by him in the ratio of ^ to 1, that being the pi o[}ortion of the 
diameter of a cylinder to that of a sphere of equal content \ 
and although the thickness of the metal only increases as the 
cube root of the diameter of the bovA, this diminutioa would 
admit of a much more advantageous disposition of weight, 
than is proposed by M. Paixhans | besides, if necessary, the 
same force might be obtained from less calibre, by increasing 
tlic proportionate ieugth of the projectile. 

Colonel Miller proposes, that instead of the usual method of 
igni^, by a fusee, the consents of his ahella shali be ignited by 
pncuasion matter. To accomplish this, the foremost exuemity 
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of the shell is to be teimiimted by a cone, at the apex of which, 
an tiperture is to be formed, communicating with the interior, 
to receive a wooden peg, which, on its impact wkh Um object 9t 
which the shell is discharged^ is to ignite the percuisioii mat* 
ter and explode the shell. 

However advantageous the cylindrical form may be, we con# 
sider this addition utterly inapplicable for tlie iiavai service 5 
thojugh we agree with Captain Hastings in the safety of shells 
on board a ship^ we by no meaiis consider that shells whiph 
may he exploded by the mere tccident of a blow or a fall^ 
to both of which they would be liable from a variety of 
circumstances, could be admitted therewith any degree of pru- 
dence. Colonel Miiler has certainly proposed a peg to preveni 
a^identy but this is to be withdrawn at the time of loading^ 
when, of all others, there would be most danger of its occurs 
ring. In land service, the percussion shell may possibly hav* 
its advantages, but in those shells intended for the naval ser- 
vice, a fusee might certainly be substituted with propriety ; for 
however great the precautions may l>e which are taken, it will 
be impossible to guard against the casualtiea which must hap«> 
pen doimg an action. 

That shells will be generally used in the event of another 
naval war there is scarcely a doubl j what changes Lheir iatro- 
dMction may produce in the nature of that war, it is hard to 
foresee, pipbably, as M. Paixhans supposes, an increase in the 
number, and a diminution in the size of the vessels used. But 
whatever may be the change in the materiel of war, it is on the 
skill and energy of its application, that the issue of the cdntest 
will depend; and thus the same unity oi national feeling which 
has established Britain's naval pre-eminence^ will be still irrer 
aistibly directed in maintaining it* 
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4..0..8 
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64 
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* The PicBch Uich ia«0886, and the line ^0074 el an IBagUah Jbot. The 
pohit ia one-twelfth of a liae. 
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Art. XXIII. — Remarks on the Design of SJdps, 

Ths principles on which the qualiticB of ships depend are 
now gradually becoming much better known in this country 

than they have hitherto been. Objections to the application 
- of science to the design of ships have never been considered, 
by men of sound learning and philosophical attainments^ as en- 
titled to respect from any argument adduced in their support ; 
, but .they are now losing their iafluence on the opinions of the 
. g^eral observer of naval affairs, although not capabl«of fully 
estimating the merits of the claims of science, and pf its prac- 
, tical utility : even merely practical men now find it necessary to 
endeavour to establish their claims on notions of a scientific 
character. The impropriety of opposing practical knowledf^ 
to theoretical investigation is becoming more evident, and the 
. necessity of rnnn^pttao " «AiAntilMi pvaetica ivSth' srfentific 
reasoning is becoming more generally acknowledged. Theory 
\v\\\ soon be no longer a term which its advocates will be afraid 
'Of boldly insisting on as the necessary, the only, means of im- 
..provement in naval architecture. 

The knowledge of naval architecture in other countries is ncit 
• now to be opposed to the knowledge of this science in England? 
it is not too mueh to say, that all that has been discovered in 
tills science in France, Spain, and Sweden, is mnv kiumii in 
.this country, which possesses peculiar facilities of rendering all 
„this information practically available to its own interests. If it 
.be {wked,:to what result a general view of all which known on 

z 
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this subject leads, we would answer, that it shows that naval 
architecture is to be regarded exactly in the same light, and to 
be treated, in its investigation, exactly in the same manner as 
other sciences; it proves the necessity of the legitimate deduc- 
tion of a theory from an extensive experience; it shows, that 
while important truths have been elicited by abstract mathe- 
matical reasoning, many other equally important truths have 
been obscured by the desire of establishing theories on abstract 
principles; it shows especially that mathematical science is 
only to be considered as tributary to the general interests of 
naval architecture, as affording the means of obtaining correct 
results in its investigation, subordinate to the direction which 
an extensive scientific experience dictates, lliat such a theory 
of naval architecture has not been hitlierto established, is to be 
accounted for only by its requiring time and facilities which no 
individual can command. The possession of the drawings of 
all, or, at least, of most, of the ships of his Majesty's navy, with 
the accounts of their qualities, as far as they have been re- 
corded, would be necessary for the completion of such an ob- 
ject, with the undivided attention of scientific persons devoted 
to it. We have no hesitation in declaring our conviction that 
«uch an analysis of the elements of his Majesty*s ships would 
lead to tl^ improvement of every class of ships in the navy. 
The improvement of the design of our ships, by this method o|t 
investigation, has been earnestly recommended by Mr. Major, 
in the "Annals of Philosophy," for June, 1825, and for June, 
1826; and by Mr. Harvey, in the same work, in the number 
for January, 1826; nnd has been cunstantly insisted oh in 

Papers on Naval Architecture," from the first article of the 
first number of this work to the present remarks. 

We do not mean to assert that there is any thing new in the 
principle of this method of investigation, for it is the same 
which has been adopted since the days of Lord Bacon by 
astronomers and chemists, and by which most of their valuable 
discoveries have been made; but that, hitherto, it has not been 
acted on in the investigation of naval architecture to the ex- 
tent the nature of the subject requires; nor has the conviction 
of its necessity obtained that authority, in the minds of those 
devoted to the improvement of tliis science, as to render it the 



w<Hil4f n» dpiih$» chcNik tb^ np^ciilativ^ nptians of designs 
CoMnded on mere hypothesis^ and published from the desire of 
theorising; it disclaims all speculation in the treatment of the 
science^ md clai($i& respect Qndy fpr th^t which rests on evi-r 
deiio0. WUboulb proo^ not 009 it^p cm> be saf^y taKeni wUb 
it we are bound to go fo]rward> to obey ell ita diqiates^ end to 
step oply wbeie il is wanting* The njeefaon of all Qodofis of 
forms of bodies which " tlie water Ukes,'* is as absolutely im- 
perative as the implicit acquiescence in every result of correct 
pbservation and experience. It jreqpires an attentive regard of 
aU that i$ observable^ and the eonputallon. of all that is mea- 
eiuralde*. 

So fitf from snch a method of investigating tbe subject n^r* 

rowing the limits of inquiry, it points out numberless objects of 
research, which may be made conducive to its general im- 
provement ; and it enables those who will be guided by its 

|Mrinei]>les> aithougb wee^iaiated wiib niiitbeiiuitieal ^eience^ 
t» «aii|irS>iHle, In no inoonsideraUe degree* to ite Bdnmi^r 
MMStttt instead of wasting their labours In useless speeula^ 

tion aud uppoi>iliuu to establiblied principles, it shows the ad- 
vantage which may be obtained by their obscrvatiops and re- 
gistry of facts, which others who might not have oppor- 

.^ni^y of mayfig tbcm, nay mA^ cendHPiye u> praptfcal ber 
neAt. It la not uafiequendy found, tbat fM^t built, from Ae 
mme design, possess very difieient qualities ; and it is somer 

times said, that this proves the futility of theory in ship^build- 
jng, on the UbsumpUwn that tlicic aie uu Axed principles in this 
science* aud that even two ships cannot be built /roni the s^me 
dbKeiga exactly eknilar. The latter obje«5tion is so utterly ior 
tMOsistentwkfa the oaieful flraetiee in bieMiyesty'sdoek^^ywcdf^ 
in ivlneh ships are Itequently hmk from the same lines on the 
mould-loft Hoor, and from the same moulds and schemes of 
seanthngs, and with the same timber, that it is needless to deny 
eiieiiR»]pported assertion further thaa by suggesting the prp- 
piielyiif itbe objector's rf£wring to ships built m the yairis 
fem the aama dodgn. Leit sU A» «ireiiaeteMiQe^ under whieh 
the qualities of the ships have come under conuderataon^ 
eorieoUy iobserved, their draught of water, trim, sjl^owage, and . 

z2 
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Mils, and it' will be found that the disagreement in their qmU« 
ties may be satisfactorily accounted for. By comparing the 

reports of the hc luiviour of these ships, under different circum- 
stances, with their calculated eiemento^ the constructor would 
be enabled to foretell their behayiour in all cases; and^ in^ae*^ 
cordance with the knowledge thus obtained Iro^ experiedSlflo 
draw up an account of the best stowage, trim, &c. ; and wheto 
any change should occur in any of these particulars, what al- 
terations «*hould be made in others to ( m uiiu ract tlio eflcct. In 
this manner the defects of a design might be discovered, and 
the means of correcting them be determined with oertaiiit|fi 
Unless the trial of a ship is made with the stowage^^fti^'&in) 
intended by the constructor, her qualities cannot be c oWKiliy 
known, and many of her excellencies may remain undeveloped 
tiii called iiiL'> artion bv correspoiidiiig l iix'iuubtaucos. ' ' 

Most of the improvements in the design of ships, \\ hich have 
lately taken place in this country, have been made by tfak viet 
Ihod of scientific deduction and comparison* Wenaywtti 
tion, as one evidence, the late improvements in <iar<ftigata9 nf 
28 guns. With such information as could Ijc obtained from 
the diawinor?* and reported qualities of the oid twenty-eiglits, 
Profiessor imnan constructed the V oiage ; and, proceeding^a 
the same^ystem of experience, the design of the Saf^ireflM 
roade,^' possessing some excellencies wanting in the Voi%|^^«riik 
without some defects which the latter ship posseeMjd. 
provLinent in the design of corvette;^, and other^islasses in our 
lia\% is uiy\K proceedin!;- ou the same principles. ■ ' " ' ' -* 

By reference tu ilit^ hisiuiy uf uui j , u n fiiiiiiiflni .XllL 
want of this method of proceeding in the design of Mr tafatpai^ 
waTyin the last century, greatly retarded their JmfmreivMt. 
This was particularly evinced > in the long contimiance^^iiiM 
44-gun ships in our navy, 38 of which were built between 1740 
and 17'^0, which were deficient in stability^ and carried their 
guns much too near the water. Notwithstanding theaa^t^ai^ 
fects, 29 more of this class were built in 1774, mdiidv^MMiH 
pletely failed, even with some attempts made to impriil«e*4tlM% 
that most of them were converted into store-ships. : Hafl ith^ 
elements been calculated and considered, in reference to their 
^ qualities, and been compared with the elements and qualities 
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t>f other ships, the exclusion of this class of ships from our 
navy would have been much earlier than it was. It is a strik- 
lag evidence that experience, without the assistance of scien- 
tific investigation, Js long in coming to a just conclusionj: it 
may show defects, but cannot point out the proper methodi of 
removinjET them. A coiisideratiun of tlie numerous classes and 
varieties of ships which have coiuposed our navy shows the 
imcertainty, and tlie vague notions, which long distracted ^ the 
means adopted for the improvement of. naval arehitecture in 
this countiy. Even when one class of ships was found to [an- 
swer well, if Gircuinstances rendered a class -of greater force ne- 
cessary, we do not find that the experience deri\ ed from the 
bchaviuur of the firbt tlass led to the means of giving tiic ;iew 
class even the same good qualities* 

We will endeavour briefly ta explain the manner in which 
.the design of ships should be condiieted in^ooiiBexion witltthe 
meessary deductions from experience. In the fiist pUce> €he 

numher of guns aud weiglit of metal wldch a ship is to cany 
mubi Ije determined. It may be observed, that the advanta^^e 
,ol heavy metal is generally acknowledged, aiMl that tlie efSsct of 
p^isectain number of guns, of large caliber, is greater than an 
increased number of guns of sknlaller-caliberj thesums of whose 
.weights are equal. The limit to the weight of meCal on b6ard 
ships depends on the streii^tli of tlie ships' bidca aud decks, 
aad uii the convenience of managing theui in action. With 
.Respect the first consideration, mechanical , science shows -% 
tl^ tfae str^igth- of our shijM-raay he readeied oapal>le. jof«jnit- 
taiping the recall of guns o£greAr ^ii!Mghl t1iatt^aie>aft>pv^ 
aiintM^d. WketW aihtft . gwatcr- wcigh i i t han" thbse which 
constitute, generally, the foucc of lower dtekaoff our line- 
of-hattle ships, iiuiy not be advantageously used in our tliree- 
f^ckers, and. large two-deckers, appears questionabie ; it is/A 
filAject, however, requiring thea^^ention of those /oliieeiamrhoae 
.^i^emnce in naval ^Engagements peculiarly qualifies ibem.'ffor 
its consideration. The celebrated Chapman considered, from 
the experience ol)tained in tlie w ar between Russia and Sweden, 
in which the Swedish bailors niauaged 36-pouiid€ii> with i^reat 
ease, that the size of shot on board ship might be ^Xj|&- 
tageously incrwed. The following table givesjihearoMuneiit 
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Chapman insists on the strength and hardihoofl of the 
Bw9M$h eaibn enabling them to manage the larger guns with 
eoBe: at kart equal capabilities may certainly be assigned to 
British sidlors; uid it is probable, that in respect to the use of 

large shot in future naval engagehients^ the superiority of the 
persomiel of om navy over that of the Southern nations of Eu- 
rope, may afford permanent and important advantage. 

When the number and sort of the guns are determined, their 
total weight with that of the ammunition and fumitar^ is 
Ittiown* TW displacement of Ae ship, which i^ the first ele- 
ment of the design, may then be obtained ; this Is e<pia] to the 
total weight of the armament; of the crew, whose number de-" 
pends on the guns, with tfee provisions and stores ; of the bal- 
tat^ and 9t ^ic liuU %>€ iW« «W!|>, ^vScli tkc u<cm»«o, jards, rigging, 

te. An error in tiiis element aaay be fiital to the design, it 
has not anfreqaeBtly fai^penedy that by eonstmctSng a- ship, 
wiithoiit due attention to Hie load 4if^«cement, when ' st6fed 

mid fitted for sea, it has been found to carry the ports much too 
near the water^ which could be corrected only by reducing the 



> This work has never been published m any langwife but Swedish. Its 

practical importance has induced the writer of these remarks to miiksa tcsas* 
latiun of it into English, wbicli is intended for j^ublicatiaii* 
* 1000 Swedish lbs. » 937 Euglxsb lbs. 
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^4iper coinplemeot of eUifes and proviNoiw. To eMble the 

constructor to determne wilh certainty the displacement of a 
ship, tables of all the weights which it comprises should be ac- 
curately given in det^l. The weights of the huils of all ships 
should be ascertained from their light displaGcment^ cakul«tod 
^rom their drawingSy to thcsir drm^bt of water yheo jaunelmd^ 
wUch ahould hg registered, with en account of the kSnd of 
timber of which they were built, and with all circumstanoes 
which may affect their weigiit. The loud displacemeut also of 
all ships should be calculated froio their drawings, at their 
draughts of water, j€9i»Ay||| t^ke^ when alx^red both for ehaii* 
Jiel and foreign service^ with an aceownt of all the weights on 
^Mwrd, and of the height of the ports above the water's sur- 
fiice, which should be registered in the tables. Bv means of 
such tables, cnnstructois would be enabled to design a ship 
with perfect confidence that the propoied draught of wi4er» 
and height of ports, would agree, to a great degree of ex- 
actness, with the actual draught of water and height of porta 
of the ship when completely fitted for eea. 

'When the displacement is thus obtained from the sum of 
the weights of the sliip and lading, tlie principal dimensions, 
the length and the extreme breadth of tlie load water-line, and 
the depth from the water to the lower edge of the rabbet the 
keel, nniat be determinedv The«e dimensions, together with 
the form of the body, the displacement remaining constant, 
must be fixed in relation to the })articular qualities which the 4 
service for wliich the ship is intended may require: either ve- 
j^jj^^urden, or for such a combination of ^aaliti^ as th^ gf^ 
.jpeial 4^«te«> of h*« M«ja«^'iii sHapw i Joro neoeasaiy, ft can^ 

not tootof^ be inMatedon, that aome qualities cannot be pjin^ 
j^enae^ bgipy aliip, in a very eminent di^ee, without a corre-^ 

^ponding sacrifice of others* It is the department of science, 
by an acquaintance ^th the principles on which they depend, 
^siregulate the eiements of the design so as to ensure the 
possession of such qualities, anfi.ifi auch a d^ee, as may be 
required. The length is the first dimension to be determined 
frcun the displacement, and tins can be done with certainty 
only by reference to ships of a similar description, whose 
elements are known, and whose behaviour, under vaiious cir- 
cumstances, have be^n i^urately observed; such altejrat^ii^ 
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being made by the constructor as he may, from his experience 
and knowledge, consider conducive to the excellency of the 
^oign. The length will then be given in terms of the displace- 
malty and in teiatioii to tlie other dimensions and eleroentSy 
and, consequently, in accordance with all the qualities of the 
ship. A iiirj^t extensive acquaintance with elements and 
qualities ot ships isevidonlly nocl-^a^y to eiuibli- a constructor 
to design a ship in this manner, so that it shaii possess all the 
excellencies which the experience of the present time offers. 
This is the principle on which the perfection of ilM^deagn-of 
ships is founded; that is, not the peffiection which ^ft^UtPtf of 
nature limit, but that perfection which the present develop- 
ment ol those laws affords. Chiipitian gave, as tlic \v<\\h of 
his experience, the length of the construction water-Une ot 
ships of the line, L =: 5 2033 D D repreaenthig the 

diaplacement to the odtaide of the timbers^ and tiie bri^th'-of 

this water-line for three-decked ships = 3 j 5(33' 

two«decked ships = \ ~^f^' Further experience might have 

led him to alter these proportions in relation to any change 
in the armament which might take place, or to any other 
change in the nature of the fitting : his experience was, 

however, very great; and the very excellent designs he 
has left us evince his very extensive kno\\ledi>e of the 
subject and place him at the head of the profession of 
vayal arehitecture;*and we do not hesitate in -assigning him 
the rank of the fa%t constructor the world has hitherto known. 
Since his time itro oubjevi. tnw •b«:«n»'^pro9e««itmI on the samo 
principles with equal devotedness, if with equal talents. 

Ttie whole theory of the science is included in such a pro- 
cess; the stability, proper adjustment of the masting, the form 
conducive to easy motion of pitching and roiling, are involved 
iff* tins method of design; not on speculative opinions, but on 
the known and certain principles which govern the properties 
of floating bodies. It is not opposed to experiment; but it 
does not leave us to consider every new design of a ship as an 
experiment whose qualities are left to trial to determine. 
When experiments are made, it appropriates to- itself the 
. knowledge obtained from their results, and thus keeps up the 
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practice of the design €4 ships agfeeably to evefy new aeqiii-> 

sition of knowledge on the subject. 

Tiie iiiethud of proceeding with the design of a ship, by de- 
termining the length of the lower gun-deck^ previously to the 
dUplacementy from the nimber of f^am, the distance betwceir 
them^ and the length abaft the aftermost and before the fore- 
most posts, is incorrect ^ If the length be first fixed, the 
breadth must be determined in relation to it, so as to cubure a 
Dfoper moment of stability; the depth is limited, in a great de« 
greCy by the draught of water, it may be necessary not to execed 
ih accordance with the service of the ship, and the seas and 
haibows it is destined to navigate, observing, at the same time^ 
that the depth U suflietent to prevent great lee-way ; the fuP 
ness of the body is determined iu reference to the velocity, lee- 
way, and weatherly qualities; so that the displacement be- 
comes thus determined from these elements, independently of 
the necessary weights of the hali and lading, with which it may 
not agree. If the length be fixed in relation to the number of 
guns on the lower gun-deck, and the necessary breadth is given 
in relation to the length, and if the displacement is determined 
from the whole weights of the ship, th^^only variable elements 
in the construction which can render these data consistent with 
each othOT, even in reqiect of magnitude^ are the depth and the 
fulness of the body^ but, with respect to the qualities of the 
ship, such a variation of tlie^e two elements may be very in- 
jurious to the excellency of- the design. ' *H 
. It follows, from these considerations, that there are limits to 
the ttumber of guns which should be placed on each deck in 
proportion ta tfae^irhiaU arnuwiettt' of cl|c ship, in dependence 
on tlieJunity and^harmohy of the design, in obtaining the max^' 
imum of excellence agreeably to the present experience and 
"knowledge of the science. We conclude, then, that the pro- 
per manner of making the design of a ship is, first, to fix on 
thd tcM imight of metal it is intended for her to carry } and 
from this weight, with aU the other weights of the ship, to ob-* 
tain, by calciilalson, the proper displacement; and firom this ^ 
displacement to determine, the relative proportions of the ship, 
■ ■ • -1 -If"- 

« €%lipms]s^s ii^k sp Sli% of War, lisge^l^^ 
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and from our experience of tMr effMts «n ehi^ wluiet qimlip^ 
jam lunre been carefully olieenred. 

When the proper tlisplacenient is dcieniiincd, the next con- 
sideration is the stability, the most important quality of a ship. 
Not only should the moo^ents of stability at different angles of 
MdinatiM of all «bipt be accurately cakalatcd and rcgiatCMd 
in lablesy but the values of the different elements of wfakh tba 
whole moments are composed thoidd be given in detail^ the 
volumes of the body immersed and emerged at different angles 
of inclination, the distance between the centres oi gravity of 
these volumes, the distance of the centre of gravity of the dis* 
placement below the water-line^ and Iron the middle iif lihe 
length tSa» water*Une, and the situation of the eentie of gra- 
vity of the ship and lading. The necessity of obtaining the 
last element, the situation of the centre ot ^^ravity of ships, 
has been frequently insisted on, as, without it, few of the qua- 
lities of ships can be correctly found; and several practical 
methods have been given for determining it; and we trust that 
tliis element will soon be ibund for all dasses of ships in his 
Majesty's navy. « 

In addition to the licight of the centre of gravity of the ship, 
it would be very usclul to have tlie distance it would he moved 
in eaeh class of ships by raising or lowering a certain weight to 
a given distance, and the effect it uNvuld have oa the moment 
. of the stability. The effect also shsadd be known which wouU 
be produced on the moments of stability of ships of each class, 
by increasing the breadth a certain quantity ; the new curve of 
the side being giveu in relation to the fnvx'p the *id© be/bre 

the alteratioi^ and assimilatiqg with the former curvature of 
the body at a given distaneo above and below the watev-Jinew 
The aioments of the sails shoatd also be given for aU the 

ships, to be compared with their moments of stability. ITie 
length of the masts and yards should also be given, with the 
areas of all the sails in detail, the portion of their common 
4 centre of gravity, the relative proportions of tlie montants of 
the fore and after sails^ mth the relative Mneia of the wMo 
body, and of the fore and after parts. This relative fulness of 
the body may be sliuwn either by tlic cx|jonential system of 
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.Cbapmw) by the y«latHNi betineen the whole 'disj^laeem^nt 
IohI the fore and after parts of the diBplaeement, with the eir- 

cumscribing parallelepipeds; or by the positions of the centres 
oi gravity of the whole displaceiiient, and of the fore and after 
xj^Vtfif af the body, both ia riea>pect tf^agth and 4epll(fa* Tlie 
cmnmcPi midahip flectionsi with the ehaisui^stio^ qI f^mit 
•lerabahouM also be ^veit. Ir shert, the tebls^ ofiBki»efit» 
riliovM be %o complete that a perfect knowledge' 0£the/ei«s of 
the ship niia:ht be obtained iirni ihem; so that a ship might 
be ctJUstrutLed exactly siniiUii to uuy one of those froni which 
:>lhe calailations were madt . Unless these data are cocspieU^ 
rthftife Would be but little advaattige to be obfiiiiieclffroai illMi 
by theisonstructor^ in enablinl^ him to fofff^rOMr ; designs };0f 
•ehips, avoiding the errors of the ofiginaiii^ aind ineretoii^^ or 
.diniiiiishiiiL:; anv quality pltMSure. ' • 

t. in coaucxion with the tables or elements, the results of the 
-obsemBtions made at sea on the behaviour of the ships^ tkniUr 
jail chrcuinstaiieeSj should be registered.-. These .observation! 
ahofdd be so well directed, and to extensive that every qual i ty 
of a ship may be distinctly shown, and its action, in all kinds of 
•weather, clearly explaiued. Those wliicii are at present made 
-an board his Majesty's ships at sea are valuable, a& far they ; 
^ekteiid^ but there are munerotis jp^r particulars whieh le^pwre ^ 
40''be attended to ia order that^the ekperieiiee of Mv^liofieers 
^mtj oondnce to 'the tmprovement of nav^ alrehiteeture in tbeit 
eminent dc qree to whieli it may be rendered available. We|| 
intend to embody the parti cuUu> of several tables we are in pos- 
session e^i and' to add some other heads, under which we con- 
indef otisemitidn* «houldtbe matle <rtt ships for the future 

^liipfbvenient'of tMv d^go^ inaa^aiiirrniwilfec ^ lUfr^mll* 
^The superior systSn ^ «ducattQii iiMe.^ aAtf de^; tft rnnnyrAml 
oihcers at the college in the dock-yard at Portsmouth^ 
peciaiiy qualifies them for makino: these observations in such a 
scientific manner as to render their experience extensively ap- 
-filitsidile to the intereels of naval architecture. lrk'jii4M¥o^4^ 
many important advantagas which will Aiiwe^ANPVi 4:impm% 
iflvder of wiie6^<edaesiitoi^ its>elfettt will^ greatly-^ tjSDmd 
the true principles of naval arclnteeture : it will check spe- 
culation^ eorrect undehned notions, md show that tb^ .i^ti* 
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mate methocl of improving this scietieo ta by the use of matlie' 
matical ocience practically applied to the caleafaition of ships' 

elements, in connexion with scientific experience. If this in- 
creased knowledge ot the subject should only check tlie too 
prevalent desire of theopihig, it would be useful; but k w iii 'd n 
iomidi more: it will suggest objects for obaervatioii iiMniMMMi 
circumstances hitherto unnoticed, or imperfectly 'oliiiu<fi#^ 
it will establish the importance of accumulating facts for the 
use of the naval architect; and, with the knowledge of the 
principles on which the action of sliips depends^ it will show the 
propriety of noticing many minor circumstances atteniingo^ 
obaarvationj without which the knowledge of a meve 
fact would be Mch less useful. We would not atten^^^ 
argue that naval officers can become naval architects, as we 
well know that nothing le^s than a long and laborious course of 
studies, with undivided attention to the subject, can qualify 
for the design of ships ; yet we looit forward with eonfidenee 
to the result of the scientific experience of naval mei^aagreatly 
tending to perfect the knowledge of naval construetiom fa aiy 
other science, he who foi nis a design, by a combination of its 
established principles, regulated by his judgment, agreeably to 
his intended object, may himself witness the effect of his la* 

* bottrs; but^ in ship-building, the constructor not only.oblni 
much of the knowledge he uses in the deMgtt Of a ship flroMi 
the experience of others, but is, in many instances, in a great 

ipAegree, obliged to depend on the observations of others for the 
esult of his labours in each particular design. Hence arises 
Uie importance of naval officers being, as far as or^ltonMiM 
'pennlt> acquainud-with th« prineipUs of tk* desig^^teiMlir 
4hat tbmr experience may be practically ilftful: m ukmijfMmfMlf 
obaerving the qualities which the ship was ii^ded.pai|icularl^ 
to possess. 

Among all the authors on naval architecture, Chapman is 
the only one who has followed this method of iovestigatioii. to 
any great extent; and to this we eonsider the superior useful* 
•ness of his woriis may be attributed. 

We are aware that an objection has been made by some of 
our readers to the usefulness of this work, on account of the 
quantity of mathematical analysis in many of the papers, and 
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because the arithmetieal calculations of the different elementa 

have not hitherto been given in detail. W'e shall endeavour 
partly to obviate this objection, by giving, in our future num- 
bers^ a series of papers, including, not only the mathenia^cal 
investigatioa of the diflerent elements of ships, but their prac- 
tical application, with an example of the method of making all 
the necessary calculations for the design of a ship. In these 
papers, we hope clearly to show the necessity of scientific in- 
vestigation, with its application to practice, and to explain 
the whole process of the design of ships, agreeably to the 
knowledge which is now possessed in this science. The me^ 
to be derived from the experience of naval officers will also be 
shown in conneidon with the different elements which will 
come under consideration^ and their influence uu Uie good 4U&-: 
lities of the construction* 



AltT. XXIV.— Oa the Worm bmt cakuhted /<^T<^l9^«-7^ 

Ghoiiiiii Baylks, l^^^^.^ J^m'i<;/i. t i^-aiH' 

,J7^is matter of regret, that . the attention of Knglish .^^^(1^;^ . 
nial^ans has not ^en . more engaged in the 4uci4^<ifi,^ 1^ 
point, in Itaval Architecture, which has nevef yet receiii:^.%.c|^|p; 
and satisfactory demonstrati#n ; at least the writer of this papeiL^ 

has novel' vet met with one which was satistactorv to his own 
inind : — nameh , whether or not there a i;eoiiit;ttical cnr\'e 
ifrii^h is always,,to .be faund '^^ fast-saiiing vessels ? A^j^h^. 
important point has not received that attention which it di^f^ 
namely, 4|ie. direction in which the fluid pi^es, fdooyji^^e hft- 
torn of a vessel. 

It may be supposed that this last question is unimportant, 
and easy of solution. It is undoubtedly of the utmost import- 
ance, nay, essential, that we should know the direction of the 
force, before we can estimate with correctness the amount of 
the resistance. Chapmaii has given a method for calculating 
the resistance of bodies of various forms, which, ingenious as it 
is, is only a guess at the truth. He seems altogether to have 
left out the consideration of the change which takes place in 
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the direction of the particles of the fluids before they impinge' 
upon the bottom. That their ditcctlon k altered before' they do* 
impinge upon the bottom, Ss evident to any one who taket the' 

troTible to watch the progress of a vessel in smooth water; and 
that they are differently affected by ditfcreiit vessels is also evi- 
dent; but the causes of this difference do not appear to have^ 
been snfiiciently investigated. We havelbnnd that, by forming' 
the bow more aente, the vessel has less resistance to overcome' 
in passing through the fluid, than if more ftill and binff : with'' 
this scanty knowledefc we have been ( ontent, and have not 
foilowed out the subject so as to ascertain precisely what acute^^ 
ness an4>wl|at ^Hrvature should be given, in (nrder that thi^' 
vessel may have' the greatest possible velocity, consbtent witli- 
the purpose for which she is intended. ^ : - . '.r. ;^> 

It has been stated with confidence upon the authority of the 
experinients made in \796 and 99, "lliat along parallel body, 
terminating at each end in a parabolic cuneus, is the form best 
calculated for velocity.*' The experiments referred to are val* 
uable BO for to liiey go, but they were not carried far enough.' 
The experimentors seem to have contented themselves with as^ 
certaining the effect, which ends of certain given forms would 
have upon the velocities of different bodies, whose transverse 
sections were of equal areas ; but they seem wholly to have' 
overlooked^or neglected, the consideration that thefluid,in pass* 
ing by a floating body, does not move in a horizontal direction 
only ; for it does not appear that they made any experimetrts 
with iiKxicN, whose ends were formed by known cur\es in an 
oblique direction^ similar to that in which the fluid would pass 
by them. 

Experiments of this kind are stiH necessary^ in order to eib*' 
tain correct data for the construction of ships, which of aSf 
possess the requisite qualities fn the largest proportions, consist- 
ent with the purposes for which they iire designed. Tf, for in- 
stance, it were required to build a vessel of a certain length, 
breadth, and depth, to carry a certun number of tons, it would 
be highly advantageous for the constructor to be iii possession 
of some rule, by which be might render a vessel of this kind 
as fast as it is possible for her to be with the given burthen. 

The lequisition is one of frequent occurrence to merchant 
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, 4bip-b«Udeni. How they are aUe to comply with it, let the stale 
of our mercantile navy answer : tiiere we see ships of the ume 

dimensions, register- tonnage, and actual burthen, whose sail- 
inj^ qualities are totally difft reiU. In this ease it cannot be the 
diiference of the area of the midship section which makes theat 
4i£kr so widely. The difference must, tfaereforc^ be in the Ibrm 
of the ends} but as their displacements are the sane, the dif> 
lerenoe must necessarily arise from the forms of the curves 
which describe the bows and quarters. Tlie case here alluded to 
has occurred frequently within the writer's knowledge; and, 14 
oae instance, the difference in the ratio of saiUng amounted to 
one-third. The frequent difference Coutid^u^^ V^WAi^l* 
log between lessela having the same diiiif n^on and displaecK 
ment, has induced the writer carefully to examine and com- 
pare the curves given by different longitudinal sections of such 
vessels, in order, if possible* to discover whether there w as any 
one section of the same general character which would befoimd 
In all Ihe Isst vessels, but not in the slow veaseb. The resuH 
has been as was expected. In vessels which have eome under 
the vmter's notice, having a rising floor, the same distinctive 
character has been traced in the lincb of those vessels which 
possess superior sailing qualities. The section, in which it is 
believed the curves of all fast-sailing vessels will be Idund to 
agree in lAaracter, is thsA made in the direction ol tbe fiaasage 
of the water by the vessel. But it is endent, that if our atten- 
tion l)e confined to the form best calculated for sinuoth water, 
we may fail in producing a vessel which will sail fast in bad 
iveatber against a heavy sea. In most, if not in all, the expeii- 
fBHats wlueh have been OMtde toaseernun the velocity of Aoatug 
bodies^ the oentre of e0brt of tfaej»ro|iellii)g/lbf)oeLlMa been bat 
litllefllevated above the surifiiceof the water; but, in ikctual pfac* 
tice, the centre of effort of tlie sails is sufficiently raised above the 
surface of the water to produce a sensible depression of the 
hm, under certain cinaiimttancai. Now it Is well knoevirl^ 
Ijiat infEist-Baillng vessels an aharraAm in theiiae of &oatatioii» 
a few inches either wiay, wiH afleet their ireloolty mom «r l«Mk 
The cause of this has not yet been satisfactorily demonstrated ( 
and a set of experiments would be valuable, wliieh should de- 
monstrate the form whose velocity is least affected by a power 



Digitized by Gopgle 



^)52 On the Form best calculated for Ve/ocify. 

acting at the point vvliere the centre of effort of the sails woiiW • 
be. In cutters, and other fast-sailing vessels, the form of the 
bow, above the water, is by no means an unimportant consi- 
deration. Vessels of this description, it is well known, are 
frequently much impeded in their progress through the water 
to windward, by the shocks of the waves : attempts have been 
made to remedy this defect, by making them very lean aloft; 
but in avoiding one evil they have frequently fallen into ano- 
ther, which is of ecjual or greater magnitude — that of making 
them pitch heavily, for want of sufficient buoyancy forward. It 
is certainly the fact, that there arc fast-sailing vessels which 
rise easily in the sea; such vessels have what is termed a long 
bow, which, however, possess more relative buoyancy than many 
others which arc not nearly so acute at the extremities. m 

In all the vessels which have come under the notice of the 
writer, as remarkable both for their velocity and easy mo- 
tion at sea, he has observed what he believes to be a character- 
istic form of all fast and easy vessels. It may be described to 
be a segment of a parabola, in the section given by an ima- 
ginary line drawn upon the bottom, in the direction in which 
the water passes by the vessel. Such vessels have, generally 
speaking, long and easy bows, compared with others of the 
same class whose lines have not this parabolic curve. 

The suitability of curves of this kind for easily dividing the 
fluid, is evident on inspection. They displace, at first, propor- 
tionally, a much larger volume of the fluid, and of course with 
less resistance than curves of a different form, and, therefore, 
the direct resistance is much less; for, as it is clear that the 
ratio of the resistance of a volume of water increases much faster 
than its area, so ought the angle of incidence to be decreased. 
' It may be thought presumptuous for any one so little known 
as the writer of this paper, to make his remarks so freely upon a 
subject which is confessedly a difficult one, to which the atten- 
tion of abler men than himself has been directed, at different 
times, without success. His excuse must be an ardent desire to 
see the true principles of naval architecture clearly demon- 
strated, and the profession, of which he is a member, rescued 
from that reproach of empiricism, which is too justly charged 
upon it. 
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Aiit. XXV.— iZigMr/ of the CommiUe for emiiuetmg Oie 

Experiments of the Society for the Improvement of Naval 
Architecture, at the Greenland Docks, from the year 179t> 
. to \J9S, inektiwe. 

Part L — Chaf. I. — Definitiom^ and Ma:plamtory Observations. 

By head pteemnre, we mean the total pressure which exists 
against the head end or foremost part of a hody> immcsrsed^ 
either wholly or in part, in any given fluid, when such b^i^y is « 
at rest. 

By stem pressure^ we mean tlie total pressure which exists 
against the stem end, or hindermost j^art of a hody^ immersed, 
either wholly or in parti in any given fluid when such body is 
at rest. 

By plus pressure, we mean the additional pressure which is 
sustained by the head end, or foremost parts of a body, moved 
through a fluid; which additional pressure is over and above 
what we 'have termed the head pressure,, and arises from the 
fluid being obliged to be displacedj^ in order to permit the mov- 
ing body to pass through it. 

By minus pressure^ we mean a subtraction of pressure from 
the stern pressure, and which subtraction is occasioned by the 
fluid not pressing so strongly against the -stem end, or hinder- 
most parts of a body, when such body is in motion through thf 
fluid, as when ^he body is at rest. 

ByfrictUm^ (as relating to this subject,) we mean that^r^ 
of resistance to a body uioved throiigli a fluid, which arises 
either from the adhesion of the })articlcs of the fluid to the 
surface of the moving, bpdy, or from the roughness of the body, 
pr from both thoiie catises united* , 



' The clttiniiions, from one to six, inclusive, were drawn up by our in- 
geuious Vice President, Edrl Stanbopc, ia the year lJy5. Tbe&e, in aur 
opimon, are well conceived, and aibo peifetUy cousistcut with the- kwfc <>( 
nature as relative lu this subject. 

2 A 
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toUU rtnit(mce^ we oiean the sum total of the |>lus pra^ 
•me, the miniw premniie, and the friction, united. 

By hfttd rmtimuse, we neaii the miniw preeme, and the 
fricdon of the water against the head end united. 

By stem resistance, we mean the minus pressurej, Mid dto- 
friction of the water against the steni end uiiiLed. 

Having procured two bodies^ called the long friction plank^ 
and the ahort friction phwk^ (which were of the same degree of 
amoothnesfl^ and also of the aame breadth and thicknessi.and 
of the same form in every respect, except in length,) for the 
purpose of ascertaining the effect or resistance arising from the 
friction of the water ; and also other bodies, with the same 
* middle part and head end, but with diHerently formed steru 
enda^ for the purpose of aaoertaining the effect of the stern re- 
sistance^ and the minus pleasure; and also other bodies^ with 
the same middle part and stem end, but with diiforently formed 
head ends, for the purpose of ascertaining the effect of the 
head resistance, and the plus pressure. 

All these different bodies were planed smooth, and painted 
white: and the form and dimensions of the said bodies are re- 
spectively represented in plates 5 and 6. 

Hie bodies which are represented in table 1, of the first part* 
of the Report, were respectively immersed, by means of the con- 
ductor, and its bar, or bars, to the medium depth of six feet 
under the surface of the water ^ and when they were so im- 
mersed, the conductor swam with its top, or horizontal upper 
surfoce, exactly one inch above the surface of the water; bnt 
the bo^es which are represented in table l,of the second part* 
of the Report, were only immersed so as to keep the top, or 
horizontal upper surface, just even or level with the surface of 
the water when in motion. All of these bodies were respec- 
tively drawn through the water by means of certain weights or 
motlvepowers; which motive powersy aadabo thevelodtiea 
produced therewith, are respectively shown in table 1. The 



* The first part of the Report contains the experimenti of tbe years 1796, 
1797, 1/ i aad the Mcond part contains the experimeott of tbe years 1793» 

« Uiifcititaatcly lUf seeoadl part bu never bssa puUitbcd.— Ed. 
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« 

nodve powers ' are la the top columns^ and the vdoeitieB pro- 
duced therewith are in the same columns undertieath, and 
directly opposite to the bodies to which the velocities do re- 
spectively belong. i 

Hamni^ obtaiDed a set of velodties by ,e9(peiiiiieiit. ifitb eiM^ * 
of the sud bodies, as respectively represiinted in table l^it.tiieil: 
became necessary to examine and compare the said experi- 
mented velocities ami resistances, in order to search out the 
laws which belong to the different sets ^ which examination 
has been made aecording to rthe^method speQified io'ct^i^oirt 
lowing chapter. 

1 , r 



siorehwi ike Law RtthtmU tfMeh bekn^ to ike iff" 

ferent Bodies, f . " ' " ' . 

Fos this purpose we shall select, by way of example, the set 
of ^iq^rfments vnth the conductor, its bar, and the long fric- 
ti^ j^ank, as found in table 1, (page 986.) The numbem nm 

thus:— • ^* 



Motire powtrs in pouiidi 


12 


24 


36 


4S 


60 


72 


^6 


I2d 


Velocillii la feet per lecond 


3*4M 


i-888 


1 . . .■ 


fi'f r si? -42018 'IM 


9*327 


io-3ie 



1 I'.i 



We have selected this set, because it contains a grealJMBfcf 

ber of experimented resistances. ■ • ' • .;.«■ , ,. ^ ;r , ^^j ^ 



< The motive powtn or nMenoes are alwajs sgiscifted ia pouads aroir-^ 
dopois. * ' 

2a 2 « 
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Npw it is first necemry to try, in what powers of the ve-. 
lodly the several moitife poweit-or lenstuieee are; namely, by' 
conparing together every two experiments: that is, first tlie< 
1201b. with every wefght* resistance less than it; then the* 

961b. with cverv weight o r esistaiiee less than it; and so on, 
till every combination of two's has been made. 

This examination may be best made in a maimer similar to 
Mr. Gamett's^ theorem, vis. as F» : : : 12 : r; making the 
resistanee proportional to some power of the veloci^, whi^. 
power, or exponent is found by this rule, viz. 

log. R~\o^. T 

**'"iogrF— log. V 

Computed thus: 

BXAMPLB I. 

Motive powers ) 12= 120 log.=2 079 18 
or resistances j r= 96 ]o g.= l *98227 _ 

differ.=0 -09691 log.==2*98637 
F=l0 -3101og,=!l -01326 
t>= 9/327 log.= -96974 _ 

differ.=Q 04352 log.«2 '68869 

differ^sO -34768 
The natural number to this 1<^. is 2*2268, whidiistlie 
nent my or the index of the power of the velocity. 



< We tbiDk it aeeessary to obsenre in this (lace, thai in the coarse of coa- 
^mtfiatifg Ae espcrimeBtB lioce the .yew tf S4, we heve constantly used. Mr. 
Garnett's thcoiem to com|»ere the icsisUmoes of the bodies, and have found it 
to answer esccedincly well. But in order to give it a further hivestigatioD, 

we, some time a^o, submitted a great number of experiments, together with 
Ais theorem, to the inspection and consideration of our learned friend and 
member of this Society, Dr. Huttou, F.R.S. and Professor of Mathematics at 
the Royal MUitan,' Acadcniy at Woolwich, and requested bim to favour us 
with his opinion thereou; when he very obligingly presented us with a wrtt- 
teo paper on the subject, and which is given in substance in this chapter. 
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W — 


9 • I f47 


3o = 


9 • 1 

^ J io 




^ 10/ 


1 ii — 


9 -nftfi 


wiin /* = 


^ lOf 




« UOa 






• 






*» 140 




» Vuo 




1 'OtK 
I 910 


Ifi — 
18 «= 


^ UU/ 


^fi — 
•OO = 




^1 ^ 


^ -140 


19 — 
1^ — 




•«v wiui *o — 




oo ™ 


9 • 1 ;li< 

^ 144 




O •Inc. 




2 '069 




2*190 




2*232 


12* 


2*oe6 


36witii 24. 


2 -263 


12 « 


2 035 


24 with 12 » 


i-s;22 


Sum* 


58-969 


Mean * m» 


2*1060 



Now, by applying the aforesaid rule to all 
the above numbers, the several values of 
or the exponents of tjhe power/come out as 
shown m the margin.. 

These vahies of m, it is evident, ate va- 
rious, but the variation is sinall, and vi- 
brates as it were each vvay^ which indicates 
. that the law of the resistance is constant or 
T^Iar, and that these irregularities in tlie 
values of or exponents, proceed from 
small deviations or ineguiarities in the ex- 
periments themselvej^. 

It may, therefore, he adviiiable to take a 
medium amongst them «ll^ and by means of 
it reduce the experimented numbeii into a 
regular series. Now, for this purpose, add- 
ing together all these 28 exponents, and 
dividing the sum by 28 (the number of 
•them)^ the quotient is 2 -106(^ which is the 
mean value of m. 

Now, the nearest calculated exponent 
to this value of m is 2*107, found from 
the nmnbers 120 and (JO, and also from 120 
and 4S» Assuming, therefore, either of 
these «irms, 120, 60, or 48, and their 
correspondent velocities, 10 *3I0, o^ ^ *420 
or 6'*668, and from thence computing the 
velocities answering to all the other weights 
or motive powers, the unavoidable irregu- 
larities in the experiments will thus be 
brought into a regular series. Computing 
th^m then in this way, they come out as 
follows 



Motive powers in poanda* * 


12 


24 


36 


48 


60 


72 


96 


120 


Velocities in feet 


a -4^ 

* 


4-801 


5-821 


6-673 


7 •4iyL -oiio 


y -273 10.-3t0 
' 1 * 
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All wkkh v^itin w^t Mniwled by this theorem, m* 

120, r = 96, w = 2 1060, and F= 10'310. Computed 
|hii»: 

EXAMFLK ii. 

11= 120 Iog.== 2*07918 
r« 96 log,« 1 '98227 

0-09691 iog.a : 2 '98637 
Iitm2*t060 log.«0*a2346 

differ . 2 66291 nat. numb.=0 '04602 
• F=10-310 log. =1 -013 26 

dTfter. 0 -96724 

The natural number to this logarithm is 9 *2734»t;, which is 
the wkwttf per lecond eorrespondent to the motive power or 
resistance of 96lb« 

The above series may l->e considered as the correct or regu- 
lar series of experiments, with the conductor, its bar, and the 
long friction plank ; and in like manner may be computed the 
veloeities correspondent to other proposed resistances. 

And the resistances to proposed velocities are computed by 
this theorem, viz. 

Jl=srx^~^"*i or log i{sslog. r + log. log. x m; 

wherein r = 120, m = 2*1060, and v = 10-310, and 
F=s 13 *5275, the velocity in feet per second, which answers 
to 8 nautical miles per. hour. Computed thus : 

BXAMPL£ ill. 

K«13'5275 1og.=: 1-1312? 
y«10 '3100 log.==l '01326 

0'1179() = 1 -07173 

w=2'1060 ]og.=0 -32346 

Sum gX'395 19n«t. ■mwh.g Q. 24842 

r= 1 20 log.=2 -07918 

Sum 2-32700 

The natural number to this logarithm=212 -61S=/i, which is 
the resistance of the conductor, its bar, and the long friction 
plank, for the velocity of 8 nautical miles per hour. And in 
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like manner may be computed the resistance corre8|^4eat to 
any proposed veioci^. 

So that the reg:u]ar series of velocities as gnm k the., 
eolvmns of table 1 have been; computed according to ex- 
ample 2; sad the fesistances eonespondent to the velocities 
of from 1 to 8 nautical miles per hour, as given in the 
columns, of table have been computed by ei^ample «it 

Velocity in feel 
per secoud. 

1 -6909 



3-3819 

5 -0728 

6 -7638 
8 -4548 

!0-l45ti 
11 -8366 
13 -5275 



is equal to 




Chap, III.— Q» Uiefindh^ the Friction, 

Having (by the method specified in example 2 of the pre- 
ceding chapter) found the motive powers requisite to bring the 
different bodies to exactly the same rates of velocity, viz. from 

1 to 8 nautical miles per hour, and as found in table 1. Then 
the next object which is necessary to be obtained, is to ascer- 
tain the resistance arising frojn the friction of the water against 
the several surfaces of the different bodies respectively. 

Now, for this purpose, it will be seen, by inspectuig the form 
and dimensions of the firiction planks, as used in the experi* 
ment of 179S, in table 1, plate 5, that the long friction plank 
was exactly 12 feet longer than the short friction plank; and 
4hat t^ey were of the same degree of smoothness ; also that 
they were exactly similar in the form and dimensions of their 
heaid ends and stem ends; or that they were similar in every 
res})ect except in length. From whence it is evident, that 
whatever difference arises between the resistance of the two 
pUmks, such difference must be the resistance^ arising fcom itm 
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friction aioiie of the water against 46 square feet of surfaoe^ 
which is the surface contained in the long Action plai^k monr 
lh«n in the short friction plank* 
Therefore, -the difference between the resistances of the two 

friction planks, (which is equal to the friction of the water 
against 46 square ieet of surface, as aforesaid^) is accordingly 
found in table 2; and from thence the motive powers requisile 
to overcome the resistance arising Irom the friction of the water, 
which takes place against the several surfaces of the diffisrent 
bodies, have been computed, according to the proportion which 
the said surfaces respectively bear, to 46 square feet, as found 
in table 2. 



Chap. iV.^On the Remtanee mtsimned by the ^eireni Bo- 
dies, when considered as Ships, or navigable Vessels ; unth 
comparative Observations relative to the Advantages or 
DkadvantageSf anming from the Form, with retpeet to the 
relation which the Renstance bears to the Capacity, and 
to the Stability or Power of carrying Sail, and also to the 
Vie Jnsita Force K 'V' ^ i'^** 

It has been already shown, that tlie bodies used in* the'-^Mri 
1796 and 1 798, were respectively immersed to the medium depth 
of sixfeet under the surface of the water ; then, in order to make 
comparisons with the said bodies, considering them as ships, or 
navigable vessels, it is first necessary to deduct the friction 
yirhich takes place against the top surface of the sald kttffii^as 
found in tal>le 2, from the total resistance as fouhd-Sji^tiMn^ 



■ 

' Vis isitoSt Or ianate fores of matter* is a puwer of mUtiog, by wliich 
cvsiy body,' at much ss in it Bm, cndcavoun to persevere in its pfcseot state* 
whether of rest or of moving unilbriniy forward ia a rigbt iine^Thfi force 
is always proportionai to the quantity of matter in the body, aod differs ia 

uothiufc from the vis iaerdc, but in our manner of conoeiviD^ it.-^Sce Hat- 
tou's Mathtmatieal Dictionary, Art. Vis Insita, dec. 
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then the remaining numbers will represent the resistance sus- 
tained by the different bodies, when considered as the im- 
mersed part of ships, or navigable vessels. 

The said dedactions are accordingly made in table 3; and 
the motive powers requisite to overcome the resistance of tbe 
different bodies, when considered as ships or navigable vessels^ 
is therein found. 

In the experiments of the year 17^8, the bodies Ao, Aa, &c. 
lo Ai, jprere constmcted for the purpose of ascertauiing the ad- 
, vwiaagftB or disadvantages arising from their several differently 
formed stem ends. Now, by iuspeetine^ the resistances of the 
bodies Ao and Aa, (as ships,) and fuund in table 3, it will be 
seen that tlie resistance of the body Aa is a little less than the 
resistance of the body Ao ; and also, that the resistance of the 
body Ha, is a little less than the resistance of the body Ho; 
which ^Aious circumstance arises^ in each case, from the stem 
end o, having a greater surface for friction than the stern end a. 

Fronn whence it is evident, that the rc"-ist?\nce arising from 
the friction against the stern end o, is greater than the firlctioa 
imd minus pressure together of the stem end a. 
' Ifhvill also be aeen^ by inspecting table 3, tiiat the resistance 
cif the'body Ab, (as a ship,) is a little le^sin the velocities from 
five miles per hour downwards, than the resistance of Aa ; but 
in the higher velocities the body A a has the least resistance. 
' Tbjis crossing is occasioned by the law of the stern resist- 
alloe of the stern end h, increasing in a greater ratio than the 
Metn resistance of the stem end a; and which probably arise* 
from the angular part of the stem end b, (that is from s to b^) 
being more obtuse than that of the stem end a. 

And with respect to the bodies Ac, Ad, &c. to Ai, it will be 
seen, that they have all greater resistances than either of the 
aforesaid bodies Aoj-Aa, or Ab ; which are disadfantages that 
eividently arise out of the form of the stem end of the said dif- 
" ferent bodies respectively ; and of which the ^tem f, of the 
body Af, has the greatest disad\ aiUage, or is the worst stern 
end of all, ' ' 

^ The bodies Aa, Ba, Ca, &c. to la, were constructed for the 
j^t^e 6f aiscertaii^ngtlie advantages or disadvantages arising 
' mm t^t^Werai differently formed head ends. 
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Now, by iinptcHiig tke reMttattce of ihe aiid bodiai (m 
•y|^) M fimiid in tablft tbe mnpmtive adnuilaget or 
advantages, arinng from tbtir aamal differaatly formed head 

ends, will readily be seen ; that so Cur as concerns the re- 
sistances only. 

But in the investigation ol this subject, that is, considering 
the said bodies aa repicaentiog shipe, it must be noticed^ that 
th« said diilefent bodies hate different uagnitude^ and, conse- 
quently, different degrees of stability, or stiffiiess, to carry sail ; 

and al&o the relation which the resistance bears to the capa- 
city, or the relation which the resistance bears to the vis iiisita 
force, or power oi going forward, and the momentum will be 
different in each body. 

Then, taking the subject in this point of view, it of course 
becomes necessary to ascertain the relation which the resist- 
ance bears to the capacity, and also the comparative degrees 
of stability of the ditierent bodies respectively: and from thence 
we shall be enabled to draw proper conclusions respecting the 
•aid bodies as applicable to practice. 

And as Uie said bodies are of the same form and dimensions 
In their midship section, and only differ in length, and ittthe 
form of their head ends and bterii endsj therefore their com- 
parative stability will be nearly in proportion to the capacities 
of the diiferent bodies respectively. 

From whence it is readily conceived, that the comparative 
power, or quantity of sail, which the difierent bodies are ca- 
pable of sustaining, will also be nearly in proportion to the ca- 
pacities of the different bodies respectively. 

And the capacities of the different bodies, when considered 
aa shiips^ or as a column of water, are foiind to beaafoUowa— 



Weight of the 

foIlowiDg bo- 
dies as a CO- 
lamn of «s- 



Ao »294 -37 
Aa a«247-50 
AborBa-266'25 
Ac or Ca—300 'OS 



Ad or Da = 215 C3 

Ae or Ka= 199 •;i7 



Ahor Ha=179 -37 
Ai or Ia«= 155 -00 



Af or Fa= i8i '6l kia »22fi 25 
ht or Ga-193 '13 | lo -flOl 'S/ 



Then, by taking the resistances of the said bodies, say at the 
velocity of hve miles per hour, as found in table 3, and placing 
them as numerators; and also by placii^ the capacities or 
weights of the said bodies^ as found abov^ under their cor- 
respondent resistances, as denomin$tors ; then the numbers so 
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pkced wiH represent the relation which the resistance bears to 
the capacity, and also the relation which the resistance bears 
to the stability, as also the relation which the resistance bean M> 
the sw insita force^ or power of going forward (or to the mo* 
mentam) all %rliich relations are as follow: — 



Ao4 



Retistaiic« 


= lC-45 




I'Resistaoces 


17*61 


Capacity 


-394-37 


^Capacity = 


215-63 


Resisfcauoe 


« 16-31 




' Resiataace = 


19 -91 


Capacity 




.Capacity ^= 


199 -37 


Resistance 


» 15-23 


Fa*! 


'Resistances 


23*49 


Capacity 


-266*25 


^Capacity - 


ISl'S? 


Resistance 


= 17-12 


Ga« 


'Resistauce^^ 


16-23 


Capacity 


«800>00 


LCapadty » 


is»-id 



rRc8istance» 18*77 

Ha<{ 

^Capacity » 179*37 



= 61-47 



Hu 



(.Capacity -■ISS'te 
r Resistance » 19*02 
\ Capacity «>226*3& 
rResisUnce» 61*a& 



For the sake of cornparing the above numbers more readily, 
they have been considered as fractions, and reduced to their 
lowest termsy from whence $he rektion which the resittanee 
be«s to the capacity, ev the capacity to the resistance, &e» 
&c will be as followB:— 



Resistance 
Capacity 

Resistance 
Capacity 



Ao 


Aa 


Ba 


Ca 


Da 


Ea 


1 


1 


1 


1 


1 


1 


I7*89& 


16 -175 


17*462 


17*^23 


12-244 


10 -uu 


Pa 


Ga 


Ha 


la 


Ho 


lo 


1 


1 


1 


1 


1 


1 


7-^43 




9*559 


''^*S22 


U *895 


3-291 



Now, by inspecting the above numbers, it appears, that the 
relation which the resistance bears to the capacity (or to the 
stabilit)', or to the vis insita force) is nearly the same in the 
bodice Ao^ Ba» and Ca; that is to say^ if their respective re- 
eistances be equal to 1, then the capacity or stability, or vis 
insita force of Ao, ib 17 -895, of Ba, 17*482, and of Ca, 
17 '523: from whence it appears, that the body Ao has the 
greatest advantage, and the body Ca, the next greatest advan* 
tage. But, suppodng the said bodies to be ships in motion at 
sea, then it may foirly be inferred, that the' body Ca would be 
the woist of the three bodies; because the head end of the 
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body Ca would not oicct with so moch latefi ' rgaiattmee, i» 
4eep the body to windward; and it would meet with more Te- 
Mtanoe in ite pitching notion, than either of the bodies Ao, 
or Ba. 

We have tliought it adviftabie to say thus much resjpecting 
the method of comparing the results of the experiments with ^ 
the said bodies, in order to prevent persons who mi^t not have 
bad an op[)ortunity of considering the subject fully, from draw- 
ing their conclusions, by comparing tlie resistances onh ; and 
for which reason it might be proper to make further compari- 
sons by way of illustration.^ Now, for this purpose, we shall 
compare the resistance of the bodies Ca' and Ga, as found in 
table 3; from whence it appears that the said resistances are 
nearly the same ; but, on considering the said bodies as ships 
at sea, and impelled forwards by the force of the wind in their 
saiis^ and by inspecting the above numbers it is found, that if 
the resistance of the bodies Ca and Ga be respectively equal to 
1, tbat then the capacity and stability, or comparative power 
to earry sail, as also the vis insita force of the long body Ca 
would be 17 *o23, and of the short body Ga, 1 1 'b99. 

From whence it is evident, that the lung hodv Ca has not 
only the advantage of being capable of bearing about one< third 
more sail than the short body Ga, but it also has an advantage, 
arising from its great vis insita force, or the power of overcom- 
ing such resistance as may be occasioned by the undulation of 
the water (or otherwise) to its direct motion. 

And further, it is to be considered, that the pitching mo- 
tion is not so quick, nor the arcs of vibration in general so 
great, in long^ ships, as in short ships; therefore the short 
dbtp has not only a disadvantage (as compared with a long 
ship), arising from the smallness of its vis insita force, but also 
the disadvantage of such vis insita force being destroyed in a 
much greater degree, by the pitching motion, than the vis 
insita force of the long ship possibly can, by its pitching 
motion, 

* This cutnparisoi) illudes tu ships of the same form and dimensions in the 
bead eud aud stern vud, and liaviug the same form iu the midship section ; 
but of different lengths, by means of midship budy : ur tu the advantages 
sad diMdvmtafM in ibipttlitt hm been leugthened, ^ compAre4 bifoie 
•ssd after thsy mn lensthensA hi the mldthip body 
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Agam, it IS also necessary to consider, that tlie power of the 

wind, by which ships obtain their velocity, is variable in its 
force and direction, in almost every instant of time. Conse- 
quently the long ship^ which has ihe greatest vis insita force, 
will have the advantage as compared with the short shipj of 
moving with wore nniformity in its velocity, and more steadi- 
ness in its direct motion; and will of course thereby feel the 
power of the wind upon its sails in a greater comparative de- 
gree, than the short ship can upon its sails. 

In the experiments of the year 1796, it will be seen, by in- 
specting plate 6, that the bodies' APs, EPa, KPa, LPa, were 
respectively constructed with differently formed head ends, but 
with the same middle part and stem end. 

Then, for the sake of comparison, we shall place the resist- 
ance of the said bodies as ships moving with the velocity of 
fi:ve miles per hour (and as found in table 3} as numerators | 
and the capacities or weights of the said bodies, under, their 
correspondent resistances as denominators; and as follows : 



a. 

fRfldstaace • 83*48 

APa < 

tCapacity = 810 01 



riteslstsoce m 28*24! 
EPa { 

(.Capacity = 761 -87 



fReiiatuicc <- 87<50 f 

KPa ^ LPa -{ 

(.Capacity = gU5 02 (, 



fResiiCance - 2fi*77 



.Capacity s» 833 12 

By reducing the above numbers to their lowest terms, the 
relation which the resistance bears to the capacity, or the ca- 
pacity to the resistance, will be as follows: 

APa EPa KPa LPa 

1 1 1 i 



34-4»ii 26-959 29*295 31*088 

Now, the body APa is exactly of the same form and dimen- 
sions in its head end and stern end, and in every respect, ex- 
cept in the'length of its middle part, as the body Aa, (in the 

experiments of 1798.) 'But by comparing the relation wliich 
the resistance bears to the capacity, &c. of the body Aa, as 
already found in this chapter, with the relation which the re- 
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ststance bears to the capacity, &c. of the body APa, as found 
above, it appeany that if the miatenoe of the said bodiea Aa» 
and APa, be mpeetively equal to one, that then the capacity 
and comparative stability, and vw inilta ioreey of the abort 

body A a, would be 15 * 1/5 j and of the long body A Pa, 
34 MQS. From whence a very considerable advantage ap- 
pears in favour of the long body APa, and which arises from 
the length of the midship body only^ 

The isosceles angular bead end B, of the body BPi^ and die 
projecting angular head end K, of the body KPa, were eon- 
stnicted so as to have the same angle of inclination, and the 
same area of oblique surface in their respective head ends; that 
is to say, that the hypothenuse, or oblique surface of the head 
end Kj is equal to the sum of the two sides, or oblique surface 
of the headend E* 

' Hie oUique surface of the head end was made to incKne 
upwards for the purpose of ascertaining the advantage or dis- 
advantage which might arise from its resistance in such posi- 
tion, as compared with the resistance of the head end ^ ac- 
cording to its position. 

Now, by comparing the relation which the resistance bears 
to the capacity, &c. of the said bodies, as already given in this 
chapter, it appears, that if the resistance of the bodies EPa, and 
KPa, be respectively equal to one, then the capacity, or stabi- 
lity, or vis insita force^ of EPa, is 26 *959» and of KPa, 29 *2959 
which shows an advantage in favour of the body KFa^ that 
is of some moment, and which advantage arises from the form 

of its head end only. 



^ In lik« manner comparlMmi nasf be made with the other bedies; and it 
ii a ncdiod of leafoniaf whieh appllei to aU khidi of veiacli moved by sails. 
Butlo applying the saM method of reaeoninf to ships or models of dUfiBfcntly 
formed nddsbip sectiuns, and of difTerent breadths and depths, it is of coune 
then necessary to ascertain the stability of eanh body, accordinf to its parti- 
cular form, and the height of its centre of gravity, &c. &c. 

* This advantage is supposed to arise from the particles of water which 
strike the oblique surface of the said head end K, being* deflected downwards 
under tbe body, by which means the head end is impplled upwards. We 
shall have occasi(^u to luake further observations on the advantages arisipff 
from projecting forms.i when treating of the experiments near the snrface off 
the water, inrtbe tectmd part of the Report. 
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The compound imjjecttiig angular head end L, of the body 
LPk^ was constructed with the same angle of inclination up- 
wards, ill tlie direction of y r, (see plate G, Experiments 1796,) 
as the head end K, oi the body KPa, and the Ikh ij^ontal sec- 
tioniof its pointed end is an equilateral triangle j this head end 
iMM'eoRstmeted for the purpose of ascertaining the adraatnge 
or disadvantage which might arise from such form as co«^ 
pared with the head end K, of the body KPa. 

Now, by coiijpariiig the rclatidii wiiich the resiRtaiu-c bears 
to the capacity, &c. of the said bodies^ as already given in tiiis 
chapter, it appears, that if the resistance of the bodies KPa, 
.and LPky be respectively equal to 1, then the capacity, or sta- 
bility,' or vis insita force, of the body KPa, is 29*295 ; and of 
the body LPa, 3 1 '098, which gives an advantage in famir of 
the })Ofiy IjPu, and which advantage arises from the form of 
head end only. 



Chap. V. — On ihefindmff the Pht$ and Mima Preuurei' fio' 

^etf*er uiui aeparaitly) of the differeitt Bodies respectivehf, 
^ jiofth co!mp0ratw ObservaHom respecting the Law qf the 
Phl$ Prmure^mn»t Direet and O^Uq^e Smfaeei, 

Thi- motive powers requisite to overcome the plus and minus 
pressures (together) of the ditfereut bodies rc-^jx i-tivclx , muv be 
found in two ways: that is, either by dedueting the friction of 
the water which takes place against the total surface of thf 
di^erent bodies as found in table ^ from the total resistance of 
the siud bodies, as found in' table 1, then the remaiining numbers 
will be equal to the motive powers requisite to overcome the 
plus and minus j)ressnrcs (together) of the different bodies re- 
spectively* Or by dedueting the friction against the sides and 
bottom surface of the different bodies, as found in table 2, from 
the resistance of the said bodies^ as ships, and as found In table 
3, then the remaitiing numbers will also be equal to the motive 
powers requi^ite to overcome the |)hjs aiid minus pressures (to- 
gether) of the diiferent bodies ifispectively,. .01 which iwo ine- 
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thuds we have used the latter one, and the plus and roinos |ires- 
sures (together) of the different bodies respectively^ is therein- 
found in table 3. ^ 
Then, in order to sejNurate the said pins and mmvm preisures, 
we shall first compare the resistance of the bodies ko^ and Aa, 
(plate 5,) as found in the columns of table 1» which are as fol- 
low:— 



Nautical miles per hour = 


1 


o 


3 


4 


5 


6 j 7 


8 



Mtitivc powers is poinds and part of pounds. 

lb. lb, lb. lb, lb. Ik 



lb, Ik^ 



iioUy Ao, 
IMyAa, 



0 -73 
(S*71 



2 '94:6 -52 



8*87K*3811*I7 



11-38 




Now^ by inspecting the form and dimensions of the said bo- 
dies, as found in plate .i, it will be seen^ that the head end and 
middle part of the said bodies are the same, and that the said 
bodies only differ in the form and dimension of their stern 

ends. Consequently, whatever difference arises between the 
resistances of the saic! bodies, as found above, must be occa- 
sioned i>y the form and dimensions of the stem ends only. 
Then, by inspecting the above numbers^ it appears that the 
body Ao meets with a little more resistance than the body Aa; 
which evidently shows that the stem resistance of the body Ao 
is a little more than the stern resistance uf the body Aa. 

And further, by comparing the total resistance of the body 
Ho, with the total resistance of the body Ha, as respectively 
found in the columns of table i, they are as follow :r— 



NsntioU miles per bonr = 


1 


2 


3 


4 j 5 


6 


7 


9 



Motive powers in pounds, and decimal parts of pounds. 

». lb. ib, lb. th. 0. ». fft. 



Body Ho* •••••••••«•« 


• • • • • • • 

• • • . ■ • • 


0-78 
0-76 


3-20 

a id 


7 -21 
7 06 


12-62 
12 


19-78 
19*37 


28 -25 
27-67 


38 10 
37*31 


49 -28 
48-96 
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Now, in this companson, the same result as the former is 
proved, namely, that the atern resistaiioe of the body Ho, is a 
little more than the stem resistaDce of the body Ha^ 

' But when the friction against the seyeral surfaces of the bo* 
dies Ao, and Aa, is deducted (whichis done in table 3,) then, by 
comparing the plus and minus pressures (together) of the said 
body Ao^ with the plus and minus pressures (together) of the 
iaid body Aa^ as foimd in table 3, they are aa follows 



Hautical miles pw hour..** « 


i 


2 


3 


4 


5 


6 


7 


8 


niM «Bd nlBttt pressure 
(tog^ether) of Ao» at per « 

Pius aud minus pressure 
(toj^er) of A», as per = 


0*40 
0*44 


1-79 
1-92 


4*19 
4*46 


7- 57 

8- 01 


11-92 

12 '56 


17*25 
|18 -14 


23*50 
24 


30*67 
32*13 



Now, aceofding to the above mimben, it appeaif that'the 
plus and minns pressures (together) of the body Ao, is a little 
less than the plus and minus pressures (together) of the 
body Aa, 

But as the plus pressure against the head end A, must be 
the same m both bodies, and as the fiietioii is wholly taken 
away, therefore the diflferenee between the said numbers must 

be the difference of the minus pressure only; which difference 
being very small, when compared with the great difference iu 
the length of the stern ends o, and Af thence it may &irly he 
inferred, that the stem end o, has no minus pressure; or^ if 
anyi that it is so small as to be of no moment in the- present 
investigation of the subjeet. 

Then, taking the minus pressure of tlie stem end o, of the 
body Ao, to be equal to 0 • 0001b., at any velocity from 1 to 8 
nautical miles per hour; from thence the plus pressures and 
lioiniia pressureSi to all the other bodies^ are separately founds 
as in table 3, 



1 Thii is a curiotts fact^ and ? cry iDteresttoff to the couttriictort of sblpt* 



2a 
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Can^Miive ObierwUion rttpecting tfie Law of the Fhtt 
Fttmre agmmt JDtred and ObMque Bmfaca. 

Now, if wc take tlic plus pressure of the flat liend end I, of 
the body lo, at the velocity of 8 miles per hour, as fomid in 
table d| and which is equal to 148 '25Ib.^ and reduce it accord- 
ing to the sinea of the nng^ of ineidence of the different an- 
gidar head ends A, £^ F| Moh plus prettiira wOI come out 
as in this table : 



Angle of iaci- 

dClliM* 


fliM ftret- 

sure by ex- 
periment. 


pre<;«ure by 
theory sine of 
angle of inddfeace 


O t H 


Ih. 


lb. 


A ^ 9 -44 -10 


» 30 -67 


24 71 


D « 14 -28 '40 


35-34 


37 06 


£ « 19-28*1& 


41-71 




. P • »H»*M 


51*«i . 


74 -U 



And by comparing the said plus pressures with the plus 
preaante, m deduced from experiment with the anid bodiea, 
ail ftmd fa table ^3 and aa nho Ibimd In the above fahlei from 
theiiee it St tfldent) timt the plus pfesanTea, aa^ deduced £rom 

experiment, do not follow the Iliw of the sine of the angle of 
incidence^ nor any regular law that we have yet discovered. 
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Chap. VL^Tables of the Law, or Indexes of the Power of 
the Vehciiy, by which the total Resutance-^the Friction — 
the Plus Preiiure'-and the Mifttti Preiiure qf 
Bodies respectiveljf increase, or decrease, with Ob$ervaiion» 
iheretm^ 



TABLE I. 



ftf tki Fem» tki VetecUyj iywhiehiheiaUtl Re* 



NMtieal ibUm ptr how.. »• 



3 



3 



8 



This Table is 
ffMnned by coin, 
pariug the resist- 
aoce of the differ- 
ent bodietat the 
Telocity of 1 mile 
per hour (as found 
jo the second or 

Xfttd^r ltte <^ ft- 

,^M^ thet are op- 
posite to each body 
in the left hand co- 
lamns of teble 1 
of the experi- 
ments, see page 
385,) with the re- 
sistance at each 
of the folUmiuf 
velocities up to 8 
■lilet pet hour; 
and by the me- 
thod specified iu 
chapter 2, ex- 
ample t. 



3 

o 
p 

I 

•c 

H 



-3 
3 

M 

o 



CKo 

Aa 
Ab 
Ac 
Ad 
Ae 
Af 

)l 

Ai 
Ba 
Ca 
Da 
Ea 
Fa 
Ga 
Ha 
Ho 
la 
^lo 



Indexes of llie power of theTdoctty. 



010 

015 
042 

000 

•987 

•o;u 

2-053 
965 
020 
027 
040 
005 
•014 
•026 
•019 
•033 
•042 
•037 
•018 
12 -012 



993 

999 

o;w 

983 
973 
019 2 
2 -045:2 
9501 
006 2 



•981!1 
•988 1 
•020,2 
•971|1 
•96I|1 
•Oil 2 
•041 2 




014 

03012 
'991 
-001 
•012 
•010 
•02712 
•029,2 
•024 2 
•011,2 
•006 2 



2-0063.'000 



•938 
•996 



•971 

•978 
•013 
•962 
•951 
•003 
•03C 
•928 
•988 



021 

980 
993 
-003 
•002 
•020 



•014 

•971 
-986 
•995 
•996 
•014 



:019j2-012 
-016 2 -009 
•006'2 002 



•964 

•971 

•007 

•954 

•942 

•998 

•033 

•919 

•982 

•995 

•009 

•963 

•980 

•989 

•991 



•002 



1.822 
1.839 
1.853 
1.847 
1.954 
1.833 
1.861 
1.818 
1.873 



1^818 
1-833 
I -849 
1*843 
1-952 
1 -832 
I -856 
1 -817 
1-869 



•817 
•831 
•849 
•841 

-952 
•831 

•855 jl 
•817il 
1 



1 ^998 



•008 
'00612 
•003 
-999 
•995 



956 
964 
001 
946 

■934 
•992 
•030 
•911 
•976 

•004 

•956 
•974 
•983 
•9H6 
•004 
•001 
•998 
•996 
-992 



1 -950 
1-958 
1-996 
1 -940 
1 ^927 
1 ^987 
027 
P904 
1-971 

P999 

1*950 
1 -969 
1 -977 
1 -981 
P999 
1*096 
1-994 
1-994 
1 -989 



l-868i 



•816 
•831 
•846 
-810 
•951 
•831 
•854 
•816 I 

•tkiaji 



•816 
•830 
•848 
•839 
•951 
•831 
•854 
•816 
•867 



-815 
•829. 

■848'l 



7il 



•838 
•951 
•830 

•853 
•815 
•867 



B15 

•829 

•847 
•838 
•951 
•830 
•853 
■815 
•867 



Observations. — By inspecting the numbers in this table 1, 
it ^ppeaiv that the £ower of the velocity of the bodies iigei in 

.2b 2 
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the experiments of the year 1798, at 2 miles per hour, is, in 
general, a little above the duplicate ratio, or square of the ve- 
locity; but that the ratio gradually decreases as the velocity 
increases, and becomes a little less than the duplicate ratio at 
the velocity of 8 miles per hour (except with the body Af, 
which is always greater than the duplicate ratio.) 

And, with respect to the bodies used in the year 1796, it 
also appears, by inspecting the numbers in this table 1, that 
the power of the velocity, with the said bodies, is considerably 
less than that of the bodies used in 1798, and is always less 
than the duplicate ratio. This difference in the power of the 
velocity of 1798 and 1796, arises from the bodies used in 
1 796 having a much greater surface for friction than the bodies 
used in 1798; and also because the said friction always in- 
creases in a much less ratio than the duplicate ratio. (See 
table 2, of this chapter, below.) So that the friction of the 
bodies used in 1796 forms a greater proportional part of their 
total resistance^ than it does in the bodies used in 1 798. 



TABLE II. 



Indexes of the Power of the Velocity by which the Resistance, 
arising from the Friction of the Water increases or de^ 
creases. 



Nautical miles per hour .... = 


f> 


3 


4 


5 


6 


7 


8 


This table is 
formed by compar- 
ing iLe friction on 
4<i square feet of 
surface, as found 
bv the experiments 
of 1798; and also 
by comparing the 
fVictinn on SO 
square feet of sur- 
face, as found by 
the experinicnts of 
1796, according to 
the method speci- 
fied for table ] , in 
this chapter. 


From thefric-^ 
tion as found | 
by the experi- > 
meuts of the J 
year 1798. ^ 

From the fric--. 
tion as found] 
by the expe- > 
riments of the [ 
yearl79C. ^ 


l0( 

I '823 
1-753 


iexes i 
1-800 

I -741 


[>f the 
1-780 

1-734 


power 
1 -762 

1-729 


of the 
1-745 

I -726 


veloci 
1-729 

1-723 


ity. 
1713 

I -720 
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TABLE III. 



Indexes of the Power of the VehcUy by whkh ike Pfm Fm^ 
Mtrei of the different Bodies increaae or decrease* 





















% 


' t 


4 


ft 


0 


7 


8 


■ ' IJM.^ lili.i m i - <i . : ■ 


r 







t 









Thia table is 
formed by compar- 
ing the phu Jires- 
sa m of taedi fle re n t 
bodies (m foand in 
table 3) •eeordini; 
to the method spe- 
cified, as for table 
1, w lUt diftpltr. 



Jndexet tof the power of fbe telodtjr* 



/'A 
B 



Head ends 
of the bo- 
dies uscd^ 
ill the year 



c 

D 

E 
F 
Ci 
H 



Head ends ( A 
of the bo-i E 
dies naedS K 
tn the year 1 L 
17M. \i 



•162|2 
■219|2 

1362 
•116 2 
•10b,2 



•138 
201 



2 



•10U.2 



- 121i2 
2*192»*184tt 

119 2 100 2 09612 
008 '» 002 2 080 2 
xvo,- 000,2 Obi, 2 •07312 
091 S •OTSIs 'OOlNi •06»S * 

162'2 110'2 •132 2^125 2• 
l422•1202•1072•0902 
0a6;2 020 2 024 2 020 2 



10li2 003,2 087 
179»-178tt*l«8 

088 2 •080 2-074 
07812 072 2 067 
067|2 061 2 056 
05612 051 2 010 
11H|2 113 2 100 
09212 087,2 082 

01712 •oi4p*oia 



2 -162 2 •138'2 -121 '2 100 2 
,2 068,2 050 2 03812 020 2 
2*166|2 '132 
2 ISS 2 135 
2 06812 069 



2 118 2 -106 

2 110 2 105 
2 05312 '04b 



•101 
•023 
•098 
•096 
•045 



2 093 2 087 
2 019 2*014 

2 092 2 086 
2 090 2 084 

2 04312 041 

I 

i 



Observation. — ^By inspecting the nambew in this table 3, 
it appears that the power of the velocity of the plus prassure is 
atmys abova the duplicate ratio. 



TABLBIV. 

Imdewa the Power of the Velocity by which the Minus 
Presamtt of the dilfereiU Bodies met^ 



Nautical miles per hour. 



8 



Thli table it 
foraed by com par* 
■if flieroinospres- 
aaiM oC the differ- 
SatlMilM(uf«md 
Ia table 3 of Ana- 

SKii) according to 
e method upeci- 
tcd. at for tabic I, 
kilalicLapter* 



Indexes of the power of the velocity. 



Stem ends 
of tbe bo- 
dies used 
in the year 
17!)8. 
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Observation on Table IV . — By inspecting the numlicrs 

in this table 4, it appears, that the power of the velocity of 
the minus pressure is various, and is always less than the du- 
plicate ratio, except with the stern ends b and f, which is al- 
ways greater than the duplicate ratio. Now, as the minus • 
pressure of the stern end b is very little, only 0 '(Mlb. at the 
velocity of 3 miles per hour, and 2 'ISlb. at 8 miles per hour, ' 
(see the body Ah in table 3, page 398,) therefore the great 
comparative ratio by which the said minus pressure increases, 
might partly arise from the form of the stern end, and partly 
from a small error in the experiments with the said body, at 
the slow velocities; for an error of one-twelfth part of a pound 
in the resistance, at the velocity of 1 mile per hour, would pro- 
duce the effect in the law of the minus pressure, as shown in 
this table. 



Chap. Wl.'^Comparative Observations respecting the Resist- 
ance of the Isosceles Triangle, the Cube, the Sqmre, the 
Plane, the Round Phne, the Cylinder, the Globe, Sfc,, as 
used in the Experiments of the Year 1797, wherein the 
Effect of the Deflection of the Water on the Minus Pressttre 
is exemplified; with Comparisons relative to the Accuracy of 
the Experiments, 

• • • • ^ 

Thb isosceles triangle M, in the experiments of the year 
1 797, 18 exactly of the same form and dimensions as the an- 
gular head end A of the body Ai, &:c. in the experiments 
of the year 1798. (See plates 5 and 6.) From whence the 
plus pressure of the said triangle M, is conceived to be the 
same as the plus pressure of the said head end A, and the 
minus pressure of M, is conceived to be nearly the same as the 
minus pressure of the stern end i, and the friction on M being 
given in table 2. Then, for the sake of comparison, we shall 
compare the sum of these resistances with the total resistance 
of the triangle M, as found by actual experiment in table 1, 
page 388, as follows : 



Google 



(f^Uticftl miles per hour = 
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7 


8 


Plus pretsure of A} table 
3, page 401, espeii- 

MiQUs pressure uf I, ta- 
bled, pa^e 40f , expert- 

Friction on M, table 2, 
experiiueaU, 1798. . . . 


Mo( 

0-40 

0-49 
Oil 


;ivep< 
Ik 

1*79 

1-93 
0-90 


mtn\ 

4 19 

4 26 

©•70 


n poui 
A. 

7-57 

7 -51 
1-29 


ids an 
H. 

11-92 

11-69 
1*87 


17 -25 

16 61 
2 -AO 


n«lpi 

29-60 

22-96 
9-17 


». 

90-67 

28*9^ 

9-8T 


This sura for tb© total 
' resistance pi triangl^pM 
The total reaittauM of 

triatiffle M, by actual 

experiment, as found 
in table 1 page •« 


I 00 

1 I'la 


4 U 
4 99 


9 34 

9*70 


16 97 
16*96 

1 


25 -41 

26-13 


36-82 
37 -16 


49-02 

49*99 


69*46 
^64*61 



By inspecting these numbers, it appears, that the total re* 
sistance of the tri^pgl^ Mi aa found by ftciu«l experimenti in 

47^74 ia VMm lh«s) the |ol»l.rMliitaBfe at 4«diHHNi (muh 
0i«esq[>QriiqttiiU of I7d8, 

, This small ^ diflBrence is eonoeived to arise from the effect 
which the deflection of the wa^er haii on the minus pressure of 
the triangle M; for the water which is deflected by the oblique 
6iirf4Cf« or 9t4^8 of the trmogle aist# with defloQted 
. forv«t to prevent the •urrpuiidmf watar from filtiiis qp At ?qW 
the hate or item end of ihe tiianglet 

M^hereas, in the body Ai, the water which is deflected by itf 
obhque surface has time to lose the effect of deflection, and 
))ecomj^ parallel to th^ ^ides of the moving body before it ar*^ 
xvm at ita ftern ^ndj therefprf. the awrroundiiif water ia no| 
impeded by deflection^ from acting with its full force and pres- 
sure to fill up the void behind. 

The jcube the square iron plane S, the round iron plane 



* It is necessary to observe, that the efTert wbich the deflection hn<^ on the 
ininus pressure of tbe tfianalt Mj caiwoi be inucb» becaa«« its anguiar farm 
is sitry acute* 
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T, and cylinder were coiiBtnicled irith the tane area of flat 

surface, in the head end ftnd stern end, namely, 1 square foot 
of surface in each, for the pur])osc of ascertaining the advan- 
tages or (li»ad vantages, arising from such fonQ> with respect to 
the effect of the deflection of the water* 

By inspecting the resistances of the said bodijeay as found in 
table 1, page 388, it appears that the cube R has less resisitanee 
than the square plane S3 and that tlie cylinder U has less re- 
sistance than the round plane T5 these differences evidently 
arise from the water^ which is deflected by the front of the 
square plane S (and the saine with respect, to the round plane 
T) acting with its whole deflected force^ to preunt Uvb sur- 
rounding water from filling up the void behind. 

Whereas, in the cube R', and cylinder U, the water which 
is deflected by the front of the said bodiesy has time to lose a 
great part of its deflected force before it .arrives at . the stem 
end of the moidng bodies, and» therefore^ the surrounding 
water is but little impeded by deflection from filling up the 
void behind the said bodies R and U, respectively. 

Tiie experiments with the cylinder with a semi-globe for the 
stern end, called W, and the cylinder with a semi-globe for 
head end^ called serve to show the advantages or disad^ 
vantages arising from such forms, and which may readily be 
seen by inspecting the resistances of the said bodies as foond 
in uMe 1, page 388. 

The cylinder with the semi-globe for head end, and stem 
end, called Y, and the globe Z, were constructed for the parti- 
cular purpose of ascertaining the advantages or disadvanlagea 
arising from such formsi with respect to the effect of the de- 
lleetion of the water. 

Now, by inspecting the resistance of the said bodies, as found 
in table 1, page 388, we find that tlie resistance of the cylinder 



. I *Vc apprehend that the ditTt-rence which appears bi tween the resistance 
of tbe cabeRy and the cylinder U, arose irom our uot l;ein - ohle to draw the 
cube tlinm^h tbe water with tbe same dei^ree of steadiness as the cylinder ; 
audit maybe proper to observe* that we found great difficulty iu drawing 
these short bodice, with flat head ende and flat ate m ends, through tbe water 
wUh the same dfgiw of sieodinets as the other bodiee, but the cube was the 
worst of alL 
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wtt a semi'globe on Mch end, or liody T, when mofing at tiw 

Telwjity of 8 miles per hour, is 4G '2dlb., and that the resistance 
of the globe at the same velocity, is 64 *871b.y from whence 
it appears that there is a considerable advantage in fevour id 
thebodyY, This adnmtage evidenUy ames firon the nmiwp 
pt f iwie of the hody Y being very little, if at all, aflected'hjT 
the deflection of the water from its head end ; because the* 
water wliicli is deflected bv the circular surface of its head end' 
has suiUcient time to lose the effect of deflection, and becomes 
pnraUal to the sides of the moving body, before it arrives at thef 
stem end; and, therefore^' the snrrounding water is not impeded- 
hy deflection from acting with its full force and pressure (or 
nearly so) to fill up the void behind. 

Whereas, in the globe Z, the water which is deflected by the 
circular surface of its head end, acts with great force to prevent 
tfie surrounding water from filling up the void behind. 

So that the comparative effect, arising from deflection alone, 
upon the minus pressure of the globe Z, appears to be 18 "obib. 
wore than upon the body which is very considerable.* 

Comparisons relative to the Accuracy of the Eicpermeids^ 

The parallelopiped, or body IPi, in the experiments of tiie 

year 1/96, was constructed for the purpose of making compari- 
sons, or for verification, with respect to the accuracy of. the ex- 
perimentSj as shown in the following example: 



Nwitieal mfbi per lunir* 
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% - 
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ft 
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T 


a 


Plus pressure I, of the 
body IPa, Uble 

Minus pressure i, of the 
body APi, table S« 
pare 405 . • 

Friction on total surface 
^ of IPi,ubl«a»|HlCBS9S 


3*14 

0-69 
0*56 


Moav 

8*97 

2*42 
1*80 


epowi 

1 

20 -54 

6-04 
S-T9 


an la] 

1 

8-56 
6*20 


w 

maadi 

57 -81 

12-96 
9 06 


(snddi 

83 -51 

18 -16 
18*34 


tcimsl ] 

lis -94 

24 -24 
16*01 


NUtV. 

148-98 

S1*U 
M*«S 


Sun for tb« total resist- 
ance of body IFi - 

Total resistance of body 
I Pi, per actual experi- 
nieuty table 1 , im°;e 390 


3-311 
a -39 


13 -28 
1319 


29*37 
29 14 


51-69 
51-16 


79 -83 
79*16 


114 01 
113 08 


154 10 
152 -86 


200*16 
196-47 
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^By inspecting the above numbei^ it uppftarf, Ihut the resist* 
ance of the body IPi, aa deduced from the experiments, with 
tk# bOiUv IPn^iAd 4Pi) comes out nearly^th^ md« as tlie re*' 

UMtt ibe. ioMfimib^ ^ %9tMm itm not MBouit m 

part of th« reil«tmce$ whkh w » ttrang praol of 
of the experiments with the said bodies IPa, APi, and IPi, and 
which i« further proved by copipnriiig the plus prei^ure of the 
AUbead end I, aa found by raperimenU of 11%%^ (table^d^^ 
p^40l,) with tilt pi«i piMiiiM the flit IttMi MiMb «IP 
ftNrtiA by thi fmpsAmw^ of 170fif (t«bUi hW!^ 404|) M bdmt 



NMki0tl mitt p«r hown 
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W9~, 1 UU. 
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91os' prenvrv of I, m 
per body Ik, wpr^- 

ments, lTtl8 , 

Plus pres^iire at 1. ^ p«r 
body IPft, expcnnciitt* 



2 -21 



3 14 



{ I 
9-31 



8-97 



21 08 



2p '54 



3T-55 



36*83 



! I 

58 



57-81 



84*ar 



83*61 



ll4S8148»!f3 



t|S*94 



148-96 



CSAFi VIII. — CQmparalive OUcrvatiQns T^W^cting (h€ di^' 



iTmay be neeessaiy to obeenre, Ibr the salce of. explaining 
the different effects whif h have been found with respect to frio- 

tioii, that the respective friction planks, and pther bodies that 
were used in the experiments of the year 17d(iiy-were planed 
smooth and painted; and that they %oere ^ri0iir^9 sufficient 
tlm§ In Me-mtas m m h-bt mnu^ rnnkn^ 9mkm^ (thengli 
^leaii ffoni elime dif Ijy) before tbe expenftteots were made* 

And also, that the respective friction planks, and other bo- 
dies that were used in the expei linpnts of the year 179S, were 
planed smooth painted^ but were not water soaken$. aod 
also clean from aliine or dirt, (See table 2^ on friction.) 
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In^ifmmd ^Nmi ^11 Mmmti tit' 
' Frem If f i ww hii iMtrnt; tffat <iif ^xperawiilrf^f' fkm^fmt 

\y9H were not made prccistlv midcr the same circumstances* 
as tk^ experitiieiits of the year 17J^(j; tliut is, so far as relates 
to thif i<wktMiic< aristP!^ from the friction^ foe it is to be iio«t 

imm ^mt^ Im |MMtf Mdi Mftif titeli^ iltar^^ih^ 

the wood start, aiid tlw silffccw bebailies rougher tlwH-i-'Mil|i' 
such bodies wore hr^t immersed; therefore the resistance aris-^ 
HI0-fimi thft ifictioa JHttil h% greater against the Uotlieii that^ 
iaili hUM ^Mtof «e«lM, lu^in tiie friction founi hf the experi- 
mm^^ mBj Mid^HMi k graved i» bp tl^ 
Itwing comparii«if 
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0 014 
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0012 


0 04a 


OOdO 


|0 144 


0 20U^ 


Q-354 


o'4sa 
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Now, as we had several opporttmi ties of observing that there 
waa a material difference between tlie resistanee of the bodies 
wheii diawn Uurongh the water, both befoio and aftar tliey 
me Mar aoakea, ami Ihat thay always mH with inoi« tetlst^* 
atiae iitM diey wars water soak«ii> wa have, thcfafova, not the 
8)iiallest doubt but the difference in the friction^ as found above^ 
arises from the afaresaid cause. 

And it may be useful to observe, that we have occasionally 
tem txNiiat Ihioiigh tlie water thet have baan tflMnerseil long 
cnoiigh to a IHtIa ilhin im'thanii and haW hmnedlately 
aftarwatda dfaw9 tha eaiae hodfet through tha watier, by meMa 
of the same motive po^ver, with the slime waslied oft', from 
whence we have aiwavH fouad that the bodies came the faster 
when the slime had been washed off. 

Upon.oeatideriiig the tesaltt of 4be varkMa enperinelKs 
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we have made respecting the effect of the friction of the water 
on moving bodies; it is evident to us, that the resistance aris- 
ing from the friction (even against very smooili surfaces) is 
considerably more than it has generally been conceived to be, 
or than has hitherto been accounted for, in the estimation of 
the resistance which bodies meet with in moving through water 
at different velocities. And from whence it naturally follows, 
that, although ships may be built ever so much alike in their 
form and dimensions, yet still a very little difference in the 
smoothness of their bottoms (or in putting on the copper in 
coppered ships) will produce a considerable difference in their 
resistances, and, of course, in the comparative rate of their' 
sailing. 

.... ... 1*,.^^ . 



Chap. IX. — Description of the Apparatvs, 

The apparatus consists of a three-legged stand, the legs of 
which are each about ()0 feet in length, and 1 foot 6 inches 
square, and connected at the top by a 3-inch bolt, from which 
are hung four bolts, having an eye at each of their ends, through 
the lower of which passes a 3-inch bar, for the purpose of 
appending six blocks, that correspond to five similar blocks, 
fastened to a bar, upon which chains are fixed to suspend the 
box, made to contain the weights which may be necessary tc^ 
draw the experimental body through the water. The eleven 
blocks just mentioned have each a brass shiver, of 13 inches^ 
diameter, with a steel pin fastened in the middle of the shiver, 
so that both the shiver and pin revolve together, by which, 
means the shiver is prevented from ever touching the cheeks of 
the block: the ends of the pins work on Mr. Garnett's patent 
rollers, fitted in containers, made spherical, so that they may 
move freely, in order always to insure the pin a fair bearing on 
the rollers. A four-strand rope, of an inch diameter, made of. 
the best hemp, is reeved through the blocks in such a manner^ 
that the standing and running parts go first through the mid- 
dle blocks, by which means the box of weights is always kept 

' • 
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lionzontal. The ninnlng part of the rope, which comes down 
from the above-mentioned blocks, passes under a vertical 
wheel, of 14 feet circumference, the frame of which is fastened 
to the ground, and from thence, horizontally, to the body on 
trial. The standing part of the rope passes round the barrel 
of a crab, by which a horse winds up the box of weights. The 
running part of the rope leads immediately from the vertical 
u heel to the floating body on trial ; and the tension of the rope, 
that is, the actual power employed to give the body the ve- 
locity required, has been as repeatedly ascertained as any 
alteration of circumstances rendered such examinations requi- 
site: by calculation it is evident the tension, independent of 
friction, must have been always equal to of the weight of 
the box, bolts, lower blocks, chains, &c^ for the power is to 
the weight as units to twice the number of moveable blocks. 

The friction of the ropes, pullies. Sec, was determined in the 
following manner:— Weight was gradually fastened to the fall, 
or running part of the rope, till it became just sufficient to' 
make the box of weights ascend gently. This done, the coun- 
terpoise, which was fastened to the running end of the rope, 
was gradually diminished, until the box began to descend 
gently. Then the half of the difference of those two weights 
viz., of that which was little more, and of that which was little 
less, than sufficient to counterbalance the box of weights, was 
considered as the obstruction occasioned by the friction of 
blocks, rope, &:c,; and when the body under trial did not, from 
its form, preserve a direct course, a thin piece of board, about 
four feet long, and eight inches wide, was applied as a rudder, 
which produced the desired effect, at the same time that it 
added very little to the friction in the water. And in order to 
measure the velocity of the body on trial, on the axis of the 
vertical wheel, there is a groove, or swage, to receive a thin silk 
line, leading from thence round two small brass pullies to a cy- 
linder, placed horizontally, which partakes, by means of that 
line, of the motion of the wheel upon the surface of the cylin- 
der. A spiral groove is turned, in order to receive another 
small silk line, that is fastened to a thin fir batten, sliding in a 
groove in the scale made on the edge of a long deal board, on 
which edge the scale is graduated by actual admeasurement' so 



•3^2 Erpmmenii of the Society for the 

that the sliding batten in'ove^ one inch for every foot rtJi 
through by the body on trial : and near the end of the scale a 
machine, worked by a penduhim, is so contrived as to cause, by 
a spring, a pencil to leave a mark on the sliding batten at 
the end of every t%vo, three, or, indeed, at the end of any num- 
ber of seconds, according as the machine is set; of course, 
therefore, the space described in those times, by the body oii 
trial, must be accurately shown by the respective distances of 
the pencil marks from each other on the batten. 

It having been observed that the body, in the beginning of 
its motion, went at a much slower rate than the velocity which 
it acquired afterwards, and which continued nearly for the re- 
itiainder of its course, it wus thought necessary to increase the 
moving power in the beginning only, so as to enable the body 
to acquire that uniform velocity much sooner; and this was 
effected in the following manner: — An iron ball, weighing about 
18001b., was suspended to the box, at some distance below it, 
' by means of a long rope, so that the body, in the beginning of 
the motion, was acted upon by both the weights of the box and 
of the iron ball ; but as the ball came to the ground much 
sooner than the box, its action was of course suspended after a 
certain period; and, for the sake of accuracy, even the long 
rope which supported the iron ball was, by means of a parti- 
cular contrivance, discharged from the box the moment in 
which the iron ball touched the ground. 

tmprovetnenis and Alterations made in the Apparatus, previous 
to the Experiments in the Years 1796, 1/97, dfid 1798. 

The scale, instead of being at right angles to the wheel under 
which the rope passed, was placed parallel to it, and the cylin- 
der (which in these experiments was larger than that used be- 
fore) was fixed to the arbor of the wheel by an iron axis, and 
the helix was square instead of triangular. 

To keep the silk line which drew the batten, or thin piece of 
wood on which the pencil marked, always of an equal tension^ 
we placed, at the end of the trough in which the batten slid, a 
double cylinder, bearing a proportion to each other nearly as 
one to seven ; round each of these cylinders a silk line was 
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wound; the end of that on the laJ-ger was fastened to the hind 
part of the batten, and to that on the smaller cylinder a four 
pound weight was hung; this was called the retarding weighty 
and was designed to correct the irregularity which we hadsome# 
times remarked, during our former experiments, in the move* 
ment of the batten, when its progress was obstructed by sand 
or any other small substance ^ » • t 

vv.The scale was graduated by the following method A piece 
of wire was wound round the periphery of the large wheel 
once, and fourteen times in the helix of the cylinder; the first 
wire was found to measure 13 feet 10*7 inches, the second 19 
feet 11*9 inches; consequently, one revolution was 1 foot 
5*1357 inches; then, by the annexed proportion^ will be found 
the space on the scale answering to 14 feet. 

ft* io. ft. in. ft. ft. io. 

As 13. 10*7 : 1.5*1357::14 : 1.5*269, the space on th^ 
scale to be divided into 14 equal parts. i 

A certain number of divisions, each equal to 1 foot 5 •2()9 
inches, were then set off along the scale with a pair of beam 
compasses; these divisions were again divided into l4 equal 
parts, and each fourteenth into 10, and the parts of this last 
division were still large enough to be divided by the eye into 
''"tenths; thus each foot may be said to contain 100 divisions^ 
consequently, when the moving body was drawn with a celerity 
of 10 feet per second, this small portion of time was accurately 
divided into 1000 equal parts. 

The silk twist, intended to draw the batten, was wound four- 
teen times in the helix of the cylinder, and being measured, 
gave 19 feet 1 1 '33 inches; whereas the wire gave 19 feet 11 '9 
inches; consequently, to correct the error arising from the dif^ 
fereuce of size between the silk and wire, the feet, and decinm| 
* parts of a foot, read off the scale, must be multiplied by 239 '9^ 
and divided by 239 *33. 

Four different-sized lines were used to draw the bodies 



' The trough not bein^ sufficiently elevated above the ground, the line at- 
tached to the small cylinder, passed through a small brass pully, to which was 
hung an 81b. weight. 

* This wheel was made to light that we found, from repeated observslioni, 
that no error arose in the eKperimeuts from its acting as a fly. 




\Sttrcngh the water. No. 1, or the largest, measured, in 
diameter, 0*355 })arU of aa ioch^ No. 2, 0*237^ Nftirt8^. 
a«}a5; No. 45 0*041, or the same nie as tbewimi hereyJi 
wise, a second oonectiott niiat be made for the 
of the Imes above that of the wire; and, after the fimt 
tion has been applied, tiic result, where line 1 is used, roust be 
multiplied bv H)7 '6807, fttid dividod by lt)5*7, or increase tbe 
divisions by rn^VW parts of the whole, and the same result is ah" 
takied; when line 2 isnsedy the ^iivisMiM, atea thvANMih* 
ffeedon, Bnwt be increased by t^Vinj 

i ^u, but line 4 requires no other correction* tliafi thaMnaftw' 
for tbe excess of tbt^ thickness of the wire above tlic silk liiie^ 
whieh tMf^ifcfjj of the number of divisions read oif tlie scale. ' ^« 

Previous to these experunents, the dock was^gegniatsdi fiyaelt . 
a^uiate astionoqiicf) tin|e-piecer.4teepiii^ "T^^Sfif^^ 
pvMnt any aocideiftal alteration hi the pendnlliiMlilMPlM ' 
rod were connected finely toi^ether by a screw. By a simple 
coiitrivaiicc, tbe ])cn(luluui was drawn as niucli from a perpen- 
clicuiar as was equal to haU' its arcli of vibration, ^odJ^hen sud- 
denly let fo on the body 'a commencing its mo|io|t; ' g0K 

It ikiay not be Improper to mention* tha$, )^ A^^^^^mI^^ ^ 
ac^n^ was used for an accdeiaftinf weight, ^ IwiyMMIIL 
of lian^in!::; on a ^iven number of pounds being found to give 
tlie line wliicli drew tbe body a tremulous motion, on the 
weights suddenly coming to the ground; the gradurt! diminu- 
tion, Qf the chain's weight e0ectQaUy removed this 

' The bodies were respectively fixed to thl^ cond 
(Plates 5 and 6), and immersed to the medium depth of six 
feet under the surface oi the water; the conductpi^ tlicu swani^ 
With its top surface exactly one inch, above th^ 
Water/ - ^ ■ ' 
.1 . J . »- 

A Tiie lengUi of ibe chain was 12 feet<> inches* 
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Pcwert' requitke to wmome the RuUtimces of the 
several Bodies used in the Experiments of the Year 1798, 
when they vme moned at VeloeUie§ tn Naitiie(U MUei, per 



Conductor and bar only 
Conductor bar&lunff friction pluik 

Loug friction plank alone 

Coadaetorbar ft abort ffiction pBc. 

Bhortfriction plank alone 

CoDdnctor bar and body Ao 

Body Ac uU>u« 

Conductor bar and Ak 
Body Aa ftlooc.. 
Conductor barttndAb 

Body Ab alone 

Condttctorbarand Ae 

Body Ac alone 

Condactor barand Ad 

Body Ad alone »•.*■•••. 

Conductor b*ir and Ae ...■•«.•« 

Body Ae alone 

Conductor bar and Af •••c 

Body Af alone... 

CoadactorbarMMl Ag 

Body Aff alone 

Conductor bar and Ah 

Body Ah aloDo 

Conductor bar and Al 
Body Ai alone... ••«^«. 
Conductor bar 




US '57 
31S*6ld 



70*048 65-432 
19t-762 144 'tld 



99 • • • • 



0«.... 

Body Ca alone 

Conductor bar and Da .... 

Body Da alone 

Condactor barand £a •••«, 

Body Ea alone 

Conductor bar and Fa . 

Sody Faalone 

Cuadttater bar and Oa 

Body Oa alette* . 
Conductor bar and Ha...*..*.. 

Body Ha alone' '. 

Conductor bar and Ho •«••••.• . 
Body Ho alone ••,.«•••••.•..., 
Conductor bar and la •••••••*.. 

ladfia alone ••••••• 

OaMdMtof bMF 
i^jrla aloM, 



50 '193 

184-IG 

184 W 
41 5'J 
IH5 10 

189 - 43 

46 -86 
1H7-68 
l". 1 1 
194 -S4 
52 '37 
1819-0] 
76-44 
30S-34 
59-77 
l9rt-77 

64- 20 
207-75 

65- 18 
1H2 TJ 

40 -2S 

mm 

43 79 
187-53 

44-96 
193-25 
•60-08 
lSOi-30 

59-78 
IK4-74 

42 17 

190- 83 
48-26 

191 -85 
49 -28 

298-54 
166*97 
36 
165 -YB 



106 07 
160 -002 



73-80 i 48-00 I29-S3 ||5-J4 
116-006 79 -019 49 •389126 -947 



39- 146 

l:)7 -92 
32 -85 
137-49 
32 -42 
137-96 
33*89 
141 •?! 
36-64 
I K» t3 
3.5 M 

146 - « I 

40- 64 
163 -73 
58416 
l5i(-09 
47 -02 

147- 16 
42 -09 

I6.V,)1 
60 44 
136-16 
31-06 
199 •M 
34-17 
140-00 
34-93 
144-39 
39-32 
151-32 
46 

137*64 
32*57 
142 
37-31 
14317 
38 10 
225-20 
120*13 
885-13 
199-96 



42-146 
103-167 
89 -3117 
98-48 
24-62 
9H 12 
24 -26 
98-86 
94*40 

ioi<a» 

•60 
too '49 

if, 

U»3<J7 

30 - n 

117-00 
43*14 

109-38 

36- 52 
I ('5 -23 

31- 37 
111-30 

37- 44 

96- 90 
93 04 
99*46 

26 -00 

yy -w 

26-04 
IP3 13 
29-27 
ION -89 
34 36 

97- 99 
S4*li 
101 -63 

27 -67 
102-11 
88-25 

162-64 
88-78 
162-64 
99 •79 



30 -359 20 1.% 



69-421 
20*731 
6612 
17 43 
65-83 

17- 14 
60-78 
17*09 
69 -lO 
19-51 
67-69 

18- 93 

69- 81 

21 12 
78 -64 
90-06 
74 07 
«5-3« 

70- 77 

22 08 
74 -94 
20 26 
64-81 
16-19 
66*81 

18- 12 
«i7-02 
(8-33 
69-87 
20-58 
72-79 
84-10 
66-66 
16-87 
6*^ 06 

19- 37 
68-47 
19 •;8 

110-68 
61-99 
110-17 



49-747 
13-517 

10 -61 

1 1 -38 
4M -40 
1117 

40 -25 
1 1 •(J2 

41 -99 

12- 76 

41 -65 
•2-4-2 

42 87 

13- 64 
18 -36 
19-13 

45- 96 
16-73 

43- 6.5 

14- 32 

46- 18 
16-9.5 

39 -01 
1*1 -38 
41-05 
11-82 
41 

11- *;9 
42 'M 
13 -33 

44- 80 

15- 57 

40 09 
10-86 

41 -7-2 
12 ^'t 

4 1 -yit 

12- 70 
60 09 
39 -86 
69-16 



J 2 ,21 
6 



68*08 39*93 



11 -807 
22-879 
7 -739 
21 -06 
6 62 

21 -52 
6-38 

81 -37 

6- 23 
•24*47 

7- 33 

21- 30 
7-16 

22 -86 

7- 72 
•Z5-83 
10-69 
24-86 

9-71 
-23 -29 

8- 15 
24-74 

9 -60 
21 -m 
6-80 
21 -91 

6- 77 
•90 
-76 

22- 71 

7- 67 

23- 97 

21*96 

6-13 

n -20 
7 ■(« 

■-.'■2 •ii5 
7 -21 
37-64 
22*60 
37*70 



6 -9-3 



2-661 
I -4il6 
9*4fH)l2-)«? 



11-478 
5-488 



3-490 
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2- 94 
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9*76 
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3- 32 

9- 24 
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3- 44 
10*68 

4- 69 
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4-45 
9 •(►4 
3 -tW 
1(1 -'27 
4-28 

s-.w 

3*60 
9*04 

3-05 
U'02 
3-03 
9-37 
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3*98 
8*70 
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3-13 
9-19 
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10*00 
10*93 
10-04 



0-872 
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0-67 
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2-05 

0- 82 

1- in 

11-84 

2- 36 
113 
2-37 

14 
2-13 
0-90 
2-28 
06 
86 
iO-63 
1*99 
0-76 
1 -98 
((■75 
2-06 
U-H3 
2-20 

0- 97 

1- 89 
if66 

99 
76 
01 
78 
70 
47 
79 
8-49 
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Art. "SXWl—PropoHioTU of the Masts and Yards of Lateen 

figged Vessels and Polacres, 

{to the BdHori of Papers on Naval Jrctnteditre.) 

Considering that the proportions of the masts and yards of 
the vessels pecuHar to the Mediterranean, may not he generally 
known in this country, 1 beg to oflfer, for insertion in your 
Work, the following methods, which have been much used for 
tuasting lateen rigged vessels and polacres, which 1 hope may 
be interesting to some of your readers, 
i . : . ... I remain, gentlemen, your very obedient servant, 

i , " A. z. 

' For lateen rigged vessels 2 ' 

Main-mast, in length, 2i tfic main breadth. 

t in diameter, 1 inch per yard. . 

Fore-mast, in length, 2i the main breadth. 

- ♦ • \u diameter, I inch per yard. 
Mizen-mast, in length, the main breadth. 

. . in diameter, 1 inch per yard. 
Main-yard, in length, 4J the main breadth. 
Fore-yard, in length, 4 times the breadth. 
I^izen yard, ditto, ^ • • 2^ the l>readth. 
I . When carrying square yards, iu addition to the lateen yardsj 
ks xebecks. 

Klairi-yard, 2J the main breadth. 
Fbre-vard, 2 the main breadth. 
Topsail-yards | the lengths of their respective yards. 

For polacres of two masts. 
f'ore-maBt. — Length to the hounds, twice the main breadth ; 
I . i " of the top-mast, | of the part from the heel to the 
jv^S" * hounds; and of the top-gallant-mast, half the 
length of the top-mast; making the whole length 
i '->' 3 1 of the main breadth. The top-gallant-mast is 
• c f now generally made to fit with cross-trees, in the 

*.B l^a 2 5 cr larger polacres, after the usual mode of masting*^ 
♦Ji.:nJ^i^Il:Jn consequeivce of the great length it would require 
in one stick. 



Qrf Latem rigged Vemk and Pokieres, 407 

Miin-maat.— Length to the h«niii -Ar««* ^ 
fbre-mast; top-mast, | of the part from the hid' 
to the hounds 5 and top-gaiiant mast half the 
length of topHnast, 

Bliiiiieler at the paitneirty one ineh to etery yard of the length 
- <|pein heel 40 hoende ; top-'mM^^'of diaiiieler at 

partners ; and top-galhmt ttlftst f of the top-miit* 
* The proportions of the mizen-mast in three masted polacree 
ifiay be easily deduced from iheee dimensions. 



Art. XKVn.— Reply to Art. XI. of « Paper$ m Kma ArM^' 
'■' iecture^' on the Positum of the Centre of Effort of the SM, 
' ^e.— Jtty Miu Wm. Hknwood. 

* 

There is an obvious want of agreement between what u as, 
«Mted in Art. d8» Voi. l| lespecting the position oi the centre 
of dfott of the eaiK when a skip ie by the wind, awl whet OiO: 
witerofthis paper hod pttviihirfyadvaiweiU Itwaeown^to 
this circumstance, tliat some remarks on Art. 89) wite oQm4. 
'm Art. 41. That the true position of the centre of eflforl e€ 
itm' eaitoi when a ahip ia by the wind, should be thoroughly. 
ifc<eit%ittii^ whM a diflinehee oC opinion 4!oaoerniiig it ezistsg, 
will he eooiideied of iBqMMrtvico by.peieene toiwersant with 
iitfutifcal sc ience, UnleSa thb fMial be kaom, ittiy eokwlerieil 
to ascertain the effect which will be produced by a ebaa^.^ 
flhe aituatloas of a ship's masts, or by an increase or a diminiK 
lion of the atea of her saiK muit evidentiy be made with very 
Httle «M|it«iee that lU acewacy sriU eertaialy be verihed by^ 
acperimeai. it ii equaUy hnpwtast that eocrect 
should be entertained respecting the etfsctof * walieii o€lM 
fulness of the fore or the after body of a ship, m Hie pmMm 
of ' like 1»eaa direction of the resisUnce on lier bottom. M 
CtlHlHaeihfn ef the naiiming by which Lieut. Carlsund has en-- 

4ei^e**^tepi^l*tt«hmi^ 1^^^ a surfooe oWiqueiy^ 
^e pres8W% k gre«tf «tMimter oaA than at the foMm^ 

^ th!<m some light on the Mhjtct bf ikmmm 

' Suppose a particle of iniperfectly elastic matter, o, mowng 
with a velocity of 20 feet .a second, to strike a perfecUy har^ 
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j^eddm at ^ Fig. 40^ Pi. 7, at an angle abds^SO^i Let the 
fttetf of cmnpraoioii I the font of elasticity II % I 1 ; resoho 
ab (s^O fe«tj) into ad, and 4^6 ; adf perpendioular to the plane ; 

and suppose the force destroyed at by the friction and 
adhesion against the plaue^ to be one-sixth of bd. The velo- 
city oi a, after impact^ in the direction 6 c, will be 15,3 feet a 
second' ; and the anglee^^ will be = 19? 7' 1^ a new par- 
tiele a% moving -in a'c^ parallel to a^^ with a velocity of 20 
feet a aeeond,. meets the pardcle a at cj if the parfides aie 
supposed to be spherical and indefinitely small, the velocity of 
a, after impact at r, wil! be 17,7 feet a second in the direction 
Cff^ inclined to dff^ at an angle of 20? 37 • It hence appears 
the particle a would be repulsed towards the plane by the new 
particle a,, mth a less force^ and under a lets angle than at ; 
or exactly the contrary to the result of laeuL CarUund's 
ftasomng. 

It may be observed, that Lieut. Carlsuiid lias said nothing 
respecting the effect produced by the wind on the fore side of a 
sail ; nor of the manner in wbicli the action of the wind on 
a sail is affected by the progressive motion of the ship. *lt win 
remarked in Art. 74 Vol. I5 that the rush of the air acrovs the 
ihip, may produce a diminution of pressure on the foreside of 
a sail, near the weather leech, which is not the case in the 
vicinity of the lee leech. To illustrate this remark^ let the 
direction of the wind a be inclined at an angle of 70? to 
the course of the ship ; and let the sail e or» make an^angle 
of SO? with the direction of the wind. Suppose the vdocity 
of the wind to be 20 feet a second ; and that a ship can then 
just carry lier top-gallant sails,** the velocity of the ship may be 
assumed to be 10 feetasecond. Whilst a particle of air moves 
from € to ar s 20 feet, the point 0, of the sail^ is carried from o. 
to ir as 10 feet $ arid a pressuie is produced at o by the line of 
particks oir, about 15 feet, being driven 10 feet ferwaid by, 
the point' Ol^thesldl.* The particle if the sail was stationary, 
would move in the line ea:/; but as the air contained l^etween 
the lines ef and er, is pressed forward as the ship moves a-head, 
the particle e miist move in a curve line e«r$ being deflectea 

* These results, and thoitt which follo^^ , ma^ easily be verified by persoas 
Scquaioled with the principles of luechauics. 
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towards the sail at r, by the air which escapes from the lie ad 
a»U. la this manner^ it is conceived, the pressure of the air 
on the fore side of a sail becomes greatest in the f vicinity of 
the lee leech and as tt is ohvtous there is no pressure on the 
fore side of the sail er, at the point e; the pressure of the air 
on the fore side of the bail, must iijciease gradually from the 
weather side to the lee side. 

To show in what manner the motion of a ship afifects the. 
action of the wind on the aft side of a sailj let d A he parallel to. 
/ and ass 10 feel $ let A A he perpendicular to abk ; and sup', 
pose the point b of the sail, to have moved from h to 
whilst a particle of air, a, has moved Irom a to d. Re- 
solve h b into k k and k d b k represents the velocity with 
which the point b of the sail, is carried in the direction oi kai 
and as Ad (ss cos. 70? to radius r: 10,) is = 3,42 feet; the* 
velodty with which the particle a will meet the sail, will be. 
23,42 feet a second. - Retmning the foregoing hypotheses, 
respecting the ratio of the force of compression to that of elas- 
ticity, and the loss of velocity from the friction and adhesion 
against the surface ; the particle a will be reflected in a direc- 
tion be^ with a velocity of 17>3 feet a second at an angle ebo^ 
as8?-46^ * Suppose be^ 17>3 feet, and a new particle, a', 
moving at the rate of 20 feet a second, to meet it at e; the 
particle a will be repulsed towards the surface by the new par- 
ticle a' y with a velocity of 18,6 feet a second, in a direction 
egt inclined to the sail e at an angle of 2 H 26 The parti« 
cle a, at the end of one second from the impact at will be at 
the distance of 22,8 feet, in the direction of its motion, from, 
the sail er ; and as the velocity of the smI, estimated in the 
same direction, will be 17,7 leet u ^eeoud, the particle a will 
approach the sail with a velocity of only ,9 of a foot a second ; 
in the direction of its motion. Hence the motion of a ship has 
a* tendency to increase the force with which the parUcles of air 
strike on^e aft side of a sail near the weather leech, and to 
diminish very considerably ' the force with which they strilce 
farther to leeward. In Other words, the pressure of the wind 
on the aft side of a sail, must dimini^li gradually from the wea- 
ther side to the lee side ; and since it has be:u showa that the 
pressure on the fore side of a sail must increase gradually from 
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the weather side to the lee Side, afortioli, the efl^C^tfe a<?tioa 
of the wind on a sail must be gradually diminished firom the 
weather side to the lee mAt. 

.Ulto concltiddll' is. iti p^^M, accordance with vhat umii' 
staled In Art 7» Vtot. 1, as matler of flitt*^tHat when a ship !« 
by the vviiiil, the tension of the weather braces is always greater 
than that of the lee braces. It is also found in practice, that 
when the force of the wiad is too great for the strength of the 
to|>^^l sheets it is almost innuiably the cas^ that the weather 
to|i-sail Ib^ts Ar6 carried away, whilst the lee shtets are not. 
Other facts might be adduced^ but it is sufficient to repeat 
what was stated in the article just referred to — that it has been 
found by experiment that a plane surface which is acted on by 
i (iHd in aii dblique direction, always endeavours to assume a 
ijorftibA |&er|^ll|iicular to the line Of aetlofi. These fhctSy 
^igether with th^ foregoing reasoning, appear to establish tfc« 
principle, that when a ship is by the wind, the centre of effort 
of each sail, is situated to windward of its centre of ^avityj 
and consequently, the common centre of effort of ail the sails/ 
intjst b6 sitaaled to windward of their eotaimon eentve of gravity. 

Hiis prifici'ple is contmry ci the tomtoon notion tnt the stib*' 
J^t ; and it is at variance whh iomd bbservatkms in Art; 16; 

In what manner it affects one of the Conclusions of the justly 
celebrated naval architect, Chapman, in his "Treatise on Ship- 
bvilding^'.' was poiuted out in Art* 22^ Vol. 1, of this publica*^ 
&m .. - ' 

ft ibay hete ba lemark^^ that the statement in Art^ 11^ 
^ that the curvature of tlie sails brings thi centre tof gravity of 
each sail fm tiier aft in strong winds, is in consequence of the 
influence of greater angles of incidence towards increasing the 
i^istance,"— cannot be understood, and cannot, therefbrei he- 
assented to ^ by any pne, who haa not tried to make a tedrf 
in bis own way, requiring Innovatlbns In the laws of nature.*^ * 

•Phe validity of Lieut. Carlsuttd's proposition, that **the com- 
mon notion that a full fore body carries the mean resistam?e 
farther aft, is not true in general," is not thought evident to any 
one bestowing attention on the subject." In the proof given hf 
Euler, that the mean resistance of a rectangle movhig tta a 
Auid, ts farther aitlhah that of a rhomboid, of the nmehngth. 




te have no effect to turn the vessel : and in accordartcfe With'* 
thin ^fippofiitionj Lieutenant Carlsund, 1ms n<!^erted, that ^*the 
foremo»C side of the rectangle has ho effect towards turning 
th« vMeU'* II may askHi if thte fbr«iiiost Md«^ oiv 
tile tonttuce eti it^ W fid ttflect IdWartk idrniMg tllife' 
T«Melj whieh «id« h«B ? ff the hody A ttODB Fig;. 19,' 
Pi. 3, be moving fti a fluid, in the direction FG, it is well 
knowHj from experiment, that the resistance on the surface 
A will tend to turti it into a position {leipeildteular' 
to FG : and the mistance on BC) will tend to tarn tiite ittN ' 
ftce IklbO at right angles to FG. Accordingly^ the mean di1ree«» 
tidn of the resistance on A B, passes between Ihe pothts 6 and' 
F ; and that on ti C, between B and H» It is not Obvions 
that the resistance on A B, would have less effect to turn the 
msei to le^^fard^ thaii that on B to turn it to windward t 
Because the n^Miitanefc on A mullifklled by th^ diatiinee from 
F lb the point wh^re the irtiMin dii^tioh of the HstUiance on 
A B Intersects A B, tiiight possibly be greater tlian the resist*^ 
ance on B C, inultipiied by the distance from H to the point 
where th6 mean direction of the resistance on B C intersects 
BG) pku the resistance en BC Inttlliplied by the distance of 
K ftoin the detatre of |niVily of the ^«8sel. In the sataie ttiul- 
ner the mean direction of the resistance on the side FC, of the 
rhoml)oid EFCD, passes nearer to F than to C j and that 
on F B, passes nearer to F, than to B : and the resistance on 
FC, must have a much greater effect to turn the rhomboid to 
t^ttdHiraird^ tltaM that on FB caA ha^ to Intn it to lee#ard. 
Lieotenanl C^rlsund has therefore tery ineaulioiisly atsefted, 
that " the foremost end of the irectangie has no effect td#alrds 
turning the vessel ;** and that *^the fuller fore body BABC 
brings the mean resistance further forward than tlie sharper 
ifine £FC;" and he has not yet pmved that "the com«> 
mon nottoto,'* above mentioned^ is not true ih genera!.'* 

If the wffter is not much mistaken, Liteutenant Carlstmd^i in*' 
vestigation of the nature of the curve in which the expression 
of the ardency is a maximum, proves more than he intended. 
Me has shown that the radius of curvature of the curve AB, 
ai the point B, Fig.-22, Plvd> is finite, and e([nal to G B t and 
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that the radius of curvature at the point A is infinite. Now, 111 
a ship with a full bow, the radii of curvature of most, if not all, 
of the horizontal sectionsof the bottom, at the place of the great- 
est breadth of the sfaipi are infinite : and the radii of curvatme 
of these sections are minima, at, or near, their foremost ex* 
trcmities. On the contrary, in a ship which has a sharp bow, a 
considerable nunibcr of the horizontal sections of the bottom, 
have greater curvature in midships than towards the fore and 
after ends, where these sections are nearly straight. The radii 
of curvatnre of these sections therefore, are maxima at^ or nte 
their extremities, and minima in midships. If thM^JI^fehra- 
tions are just, as the writer believes, the very description of 
curve in which Lieutenant Carlsund has proved that the ex- 
pression of the ardency is a maximum ; and wliioh curve he 
singularly enough says, is not very sharp with rcbp^ 
axb/' is obviously the distinguishing characteristic of a vessel 
with a very sharp bow. Lieutenant Carlsund, instead of toring 
demonstrated the contrary, has proved \'^itfi mathematical pre- 
cision that the sharpness of a sliip forward, abstractedly con- 
sidered, must always have the effect of augmenting^lffe ardency*" 
This, if not a v«ry ^ valuable,*' is certainly not an unimportant 
** result for the improvement of Naval Architeetute and it is 
a result which can " be proved to agree with our present ex«^ 
penence. 

• By referring to the table on page 222, it will be seen that, 
the masts of Swedish ships are usually placed much farther aft 
than the masts of English ships, of corresponding dimensions. 
Hie distinguishing ditference between Swe^sh and EngKsh 

ships is, that the former have **ful! fore bodies and extremely 
fine after }>odies whilst the latter, in many instances, have 
sharp fore bodies, and very full after bodies ; and in general, 
are less full forward, and less sharp ahaft, than ships of Swedish 
construcdott. Now, if a full fofe body does not carry the mean 
direeUon of the resistance of the water larther aft, would not 
the masts of Swedish ships have been required to be placed 
considerably farther forward than they have been ; or else the 
masts of English ships have been required to be placed eori* 
siderably farther aft ? The writer of Art* 16, has very clearly 
shown the propriety of placing the masts of those ships of the. 
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British Navy which are similar in form to Swedish ships, far- 
ther aft than the masts of those which are similar in form to 
the old French tbipi. 

Another pioof from ''expenenee/' is fomished bgr the well- 
known fact mentioned by yeutenant Carlsund, in Art- 3d9>Vol» 
Ij^that *• an addition to the gripe," \vl\ic'li i,^ a virtual increase 
of the sharpness of the fore body^ makes a vessel more ar- 
dent.** 

In the article just referred to» It was tmly^ remarked, that . 

\£r the' after part of the keel, or the stem, were inereieed, it 
would lessen the ardency.'' lieiitenant Carlsund however ap- 
pears to have changed his opinion since he wrote Art. 33, Vol. 
1 : he has stated in Art. 11,'* that the shape of the after body 
has a considerable influence upon the ardency, which is in* ' 
creased by making that part of the ship sharper.'' The writer 
freely confesses his utter inability to reconcile these statements 
one with the other. He is equally unable to understand 
the following assertion, that if "a plane surface invariably 
meets with more resistance than a convex one and ii^ in con- 
•eqiwnce thereof, the sharpness of a ship forward, abstracted* 
ly conndered, must always have the effect of augmenting tlie 
ardency so must it also be admitted, that a sharper ship 
meets with a greater resistance than a full one. The reader 
will not require to be reminded that the resistance ou the plane 
side df a solid hemisphere, is greater than the resistance on the 
aurfrwe of a globe of the same diameter ; that it is the lateral ^ 
resistailce on the lee bow of si ship, and not the direct resist* 
ance, which makes her ardent; and that a ship with shairp 
bow experiences greater lateral resistance than one with a full 
bow. An addition to the gripe " causes an increase of the 
lateral resistance of the fore body. 

Lieutenant Carlsund has. referred to the reasoning which, 
in Art. 33^ precedes the mentioning' of a frigate 'being -very 
weatherly," and has said that "by applying this reasoning, the 
apparent contradiction in the instance which has been referred 
to (in Art. 41,) vanishes." If the reader is disposed to satisfy 
himself respecting the truth of this declaration, he i$ desired to 
peruse the last paragraph on page 396, Vol. 1. He will then 
decide whether what was said in. Art..41| doea not aflSect tha 
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validity of the statements ia Art. 33." It was never doubted 
that tlie frigate iu question was '* uncommonly weatherly and 
ardent the fact, that the masts of Swedish ships are usually 
placed very far aft, in comparison with those of British ships, 
piay, in a great measure, account for this circumstance. 

It will now be proper to notice an observation in Art. 11, 
p. 168. Having obtained an expression for the total moment 
tum which tends to turn the surface A B, Fig. 20, PI. 3 5 on 
the supposition that the friction has no effect to turn the 
vessel ; Lieutenant Carlsund has remarked, " that on the lee 
side and the foremost part of the vessel, where the impulse is 
greatest, in consequence of the greater angles of incidence, the 
friction has a tendency to counteract the turning, which is 
greater in sharp vessels than in full ones, owing to the differ* 
ence between their respective angles of incidence : hence it ap-f 
pears to follow, that the ardency calculated in this way will be 
proportionably less in the fuller vessel than in the sharper one, 
than it would have been if the friction had been considered." 
This is true, if the water passes with greater difficulty towards 
the stern round a sharp bow, than round a full one. But since, 
as Lieutenant Carlsund appears to think, " a great burthen and 
fast sailing " caimot ** easily be united," there must be greater 
resistance to the motion of a ship in the direction of her course, 
and consequently greater friction and adhesion, when the bow 
is full, than when it is sharp. Hence " it appears to follow, 
that the ardency will be proportionably greater in the fuller 
vessel than in the sharper one, than it would have been if the 
friction had been considered." 

It may not in this place be improper to observe, that, ip 
conformity with the reasoning in Art. 22, Vol. I, the motion 
of the water round the bow of a ship towards the stern, must 
be considered as relative with respect to the motion of the 
ship. That the water afore the greatest breadth is driven 
ahead, or has an absolute motion in the same direction as the 
ship, as Chapman has stated, there appears no reason to quesr 
tion. And that it has a relative motion or velocity towards the 
stern, in consequence of the greater velocity of the ship, is 
equally certain. The friction of the particles of water on the 
bow, in passing round it, must depeud both on this relative 
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velocity, and on the force with wliich the particles are pressed 
4igaimt the kow. T\\e conclusion derived from the ob^^rva- 
stioB* in the tirtici^ referred lo^ Umt the whote irf the w»t«r 
.^ontigHQvs to a ship, imitt hvfe it motiQii in the mm diiKPtvif 
as the thtp,'' may perhaps h» ttreiigth*iie4 by lemsirUng, tlMi^ 
when a ship if moved forward, from one point of spaee to 
.another, for instance^ the distance of a foot, iu the tweuUeth 
.part of a se^oi|d,->-tt seems unreasonable to suppose tb^ the 

Tftciiiey, or tb^yartiiiUy voiil spfis« fofosad aUj^aofid. the after 
body of tha ship, m be Med by paf|lMaiafig^4«^ pMvUlf Um 
midships towards the stern along the sides of the icssels it 

seems impossible, but to believe that at every instant wbiliit a 
ship is in motion, the particles of fluid surrounding the whoje 
surface of the after body, must ba impeUadii^ t|^ iUreetip^^ 
fSt^ shortest lines in which they can move Umwt^ ^|it|ii|i 
of the ship, by the contmnal piessmre-of the surrowidiiif rflM^. 

These remarks appear to show, that with our presept limited 
knowledge of the subject, it must be difficult, to say the leasty 
•to compare the resistances of tiie wa(er oa two vessels of dif* 
^ftrtnt forniSr Ueutepnnt Carlsund however seyi^ it is exr 
tremely easy to measure or esiimate the effects pfqdf|«e4:by tN^ 
^iffiirences of forms, when a measwe of ilicse diffefenees and 

the corresponding effects can be given for a determined num* 
ber of bodies." If the writer does not misuuderstaad this 
assertion, it amounts (o this| that when a mefisura of the 
^ifiitneee of Um» end a measure qf tb^ correspoiidiiig effestfi 
4911 ho giveiit. it ia e^mely easy to m^aepr^ the efiscfa pijor 
dooed : or, it is extremely easy to measure when a measure ean 
be given. The question to be decided is, whether it can be 
ascertained that of two ships, of the same ieugth, breadtl*, 
:depUiy and displacementt dissimiiar in form, and having the 
mefm directsops of Ibe mvitoffces of the wipd on the saUsi ^ 
of the water on the bottom directly opposite, one woiil4 9fil 
Suiter, or he more weatherly than the other. If this ean be 
done, it ib something which the writer admits he is not aware 
of; but if tliis cannot be done, lieutenant Carisund's rc(Uw|LS 
M the sehject ere altogether unsupported, '['r^ 'n . ': 

If tbP rtfder wiUrefer toArt 4|, he will fiud it M not stated^ 
thit tb» viiloeily of a lA^ Jiicief|iC9 with Ib^ forfe (^f tbc wyifd^ 
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when the vessel is close hauled, as Lieutenant Carlsund ap- 
pears to intimate ; although, in fact, it generally does, when 
the wind does not increase so much as to render it expedient 
to take in sail. It was stated, that " in proportion as the velo- 
city with which a ship moves ahead increases ; and, according * 
as the water acts with greater force on the lee bow through the 
pitching of the ship ; so will the mean direction of the resist- 
ance on the bottom pass farther forward." It was not sup- 
posed the mean direction of the resistance on the bottom would 
pass farther foru'ard, unless an increase of velocity, or the 
pitching of the ship, caused the water to act with increased 
force on the lee bow. The assertion relative to the following 
remarks, that " if both these conjectures are right, it is a proof 
that two exactly opposite causes give the same result is un- 
accountably erroneous. One of those conjectures, in Art. 41, 
was, that the " uncommon ** ardency of Chapman's frigate, 
which had " a very full fore body," might have been occasioned 
by her having weights placed too near the bow ; which would 
cause her to pitch heavily. The other conjecture was, that 
the reason why some ships with full bows, which carry a wea- 
ther helm in smooth water, carry a lee helm when the sea is 
rough, may perhaps be, that the weights are not placed so far 
forward, as it is absolutely necessary they should be, in order to 
make the ships pitch sufficiently heavily to prevent waves which 
meet their bows from turning them to leeward. In the one 
case, the consequence of too many weights being placed 
towards the ends of a ship would be, that whenever the ship 
pitched, her head would be raised slowly, and the water would act 
with comparatively great effect on the lee bow to turn the ship to 
the wind. In the other case, when the weights are situated too 
near midships, every time the ship pitches, her head is raised 
suddenly, and the waves act with comparatively great effect on 
the weather bow to drive the ship to leeward. 

What has been said respecting the parabolic method of con- 
. stnicting ships is unconnected with the subject of the above 
disquisition. It is admitted that the concluding sentence, but 
that only, of Art. 41, Vol. 1, expresses too much. But it was 
never said by the writer, that small dissimilarities of shape 
are not the fundamental parts uf the science of naval archi- 
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lecture/' although they certainly are not ; for with no sort of 
propriety whatever can small dissimilarities of shape be said to 
be parts of the science of naval architecture." By the 
ptirase, the fundamental part of the science of naval architect 
tiue/' m Art* 41, was meant, the investigation of that paitieti- 
lar form of a ship which wanld experieoce the least revstaaee 
when moving in the water, . . 



Art. XXViil.— iVopewerf Jmjprovement in the ArtificuU Hm-' 
z<m, by CAPTAtN Hbnort, R. N, 

(TV fie Ml»r of Papm M iViwal ArtlMieimr^ 

• I 

9 

« * 

G£NTLBM£Nj 

Having made an alteration in the artificial horizon now in 
use, which I hope will be found an improvement, I beg leave to 

offer an account of ii for insertion in )()ur work. Fig. 11 re- 
presents a vertical section of the instrument: A BCD is the 
frame of wood ; £ E the trough ; F F the place of the quick-' 
silver ; D HA the hrass frame of the glasses fixed down upon 
leather; G the pushing screw; opposite to G is the cock 
through which the quicksilver flows into EE. The advantages 
of this plan are, that the quicksilver is not exposed to the air, 
and therefore will remain much longer clean ; that from the 
frame of the glasses being fixed down upon leather, the quick- 
silver cannot be spilt by accident ; and that the instrument can 
be more readily prepared by the observer, as the quicksilver is 
contained under the glasses^ and flows into the trough by the 
action of a pushing screw, passing through a cock which is air- 
tight. , 

I am, gentlemen, your obedietit servant, 

Wm. Hbndrv. 

Biiekhmi, near P^Hsmtmtk, June iOth, 1 8i9. 
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Art. XX\X.^Ohiervaiion» m tkeForceB wMeh aetfma Ship 

w/ien in Motion, as they ajwi the Heigid of the Centre of 
JB^M qf the 8ail$, mth m vim to detmBm»§ tke cm-ect 
JhitptniioM of the Moiti mid Yard9. 

In Art. 16, Vol. 2, the method of finding the horizontal dis- 
tance of the centre of effort of the sails, either before or abaft 
«f g^Mrity. of the sldp^ was explained, and an endea*> 
voor WBB also nwde |o detcri^ the effeot which (he action of 
the water on the hull, and of the wind on the eaiJs, vrould have^ 
under various circumstances, on the relative positions of these 
points : and also to ^l^ow the necessity of ree^ilatiup; tlie trim of 
the «hip according to the state of wind and &$f^^ that the most 
a^antageous pjoportionat^ distance may he piesemd between 
them. It remams to examine the principles on which the deter- 
mination of the vertical heights of the centre of effort of the 
sails above the centre of g:ravity of the ship depends ; and 
also by the aid of these principles, to show that this problem 
in the ** Theory of Ships,*' though it may be classed amoi^g 
those of which the solution resolves itself to laws of nature^ 
which are yet imperfectly developed,'* may be solved by inducr 
tion from experiment ; and ^at sufficient data may by this 
means be obtained, to render the abstract principles of science, 
on yfh\vh it depends, practically available; so as to overcome 
the difficulties which at .present oppose themselves to the per- 
fecting of one of the most important elements of construction^ 
the size and proportions of the masts and yards. Preliminary 
to this, it will be necessary to recapitulate some of those prin- 
ciples of construction, on which the subsequent remarks will 
depend. 

It is a well known principle in Hydrostatics, that a body 
supported on a fiuid^ displaces a quantity of the fluid equal in 

weight to itself; and therefort that a vessel floating on the 
water, will be subjected to a vertical pressure acting upwards 
equal to its own weight. It is also known, that the resultant 
of this vertical pretmra upwardly must alw^act at the centre 
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ol gMvlty of that pure ^ the bddy wtikh k hhmmttl, ebo^ 

gravitv of tlie tli^^|)lacement, und the weight acting downwards, 
at the centre ol gravity ot the ship, will reiuain uiichauged, 
onder all circumstmices of rest of «iiotiott> while- tb« vetaal 
kiuisp(#te4 bf thai lliiid; ' Aa long^ii tha^attlii ^lir iMi i^tpm 
hf 'W^ 4khik lDlr60 than that of giwKty, tha 4lfM Wttf i iMr 
httkaht^f tti« wn{<ml< '^l<^«Mui« 4|Mirar<dli)^ <]f«<e^1y op* 

posed to thnt of tlie resultant of the weig'ht acting dowinvards ; 
it will therefore pass through the centre of gravity of the ship. 
But when, from the operation of any othfef cause, as the force 
aA tht'WiMl j the iliip ia ' kialUi^i^ iNMii lia «aict«al»ip^dflii^t<ili 
4mkw^4}f grafity beaMDia che^^am^hilf MMiiM^iiMiHilice, 
1^ the inclination, a portion of that part of the ship's body, 
to leeward of the centre of gi a\ ity, iii immersed in the water, 
while 'an equal part ^f that to windward is emerged^ the centre 

af igta^kf af thi'filejpliHMii^ iM'^aMMuvleiMki wfiHim 
centre of gravity of the ship; and, consequeiitlyi Iho'ifkmMk 
'6$ tkm itkiftmk^ of tHe 'vvrtiikl ^Meaf^^t^aspds)' witefe^^ 

through that jjoiiit, will aho ])ass to leeward of the centre of 
gravity of the !»hip: and the moaieiitof the force exerted by the 
faniaal paessure to resiil tfaa>ltieHaa|ioiiyflKritt .ha lattMred by 

dfreeitott-af J tha>YaMltflMj^^*im«i|^ idMly ihitBraK 

moment of stability, but is more properly termed the moment 
of liviirostatieal stal)iiit\% as being dependent on the laws of 
ahe eqnilibriiun^^f^uidfi. But it the force, which has been de- 
adHt^ait iiictttiii^^fthR^'ahi|^ roim a#(fnwily9ilrin 

4a%;M^li>be genmiad> hf«hi:Myti|hN»afwMtHfMia>bM 

poses to the m<»tion. This resistance, as has been before ex- 
plained, luav he suppo^^ed to act in a resultant, the direction of 
which will, of course, depend on the form of tbavateel: now, tf 

iiAk0MH/t!^^*4vmh^iiJi^^^ of 'thil tisiiiiliiiia:'fHl»rp^ 

from that centre of gravity, will act in conjunction with the 

moment of hvdro'-tatical stalnlity, before deseril>ed, and will di- 

mhiiftb 4 thO' 4a6liftat4oi»; ^•a ^/eontraf y> effaat-witi^aafttia' «f'4hia>^ re* 

2b2 
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sultant passes below the centre of gravity. Now, if the mo-j> 
ment of this force to diminish the inchnation were equal to the 
moment of the force which acts to produce it, the bhip would 
remain in a vertical position ; hut if it be not equal to it, the 
inclination will be caused by the action of the excess of the. 
latter force over the former, and the ship will revolve until this 
part of the inclining force is destroyed by the moment of hy- 
drostatical stability, which will be generated by the inclination. 
The moment of stability resulting from this cause may be called 
the moment of hydrodynamical stability^ as being dependent on 
tlie motion of the body in the fluid, that is, on the relative mo- 
tion of the fluid. This does not agree with the usual defini--; 
tion of hydrodynamical stability, as that involves the elements^ 
of the hydrostatical stability in its terms. (See Art. X., Vol. 
2.) But it is thought, that by keeping each moment of star 
bility distinct, by referring it wholly to its own generators, 
the explanation of the principles on which the height of the 
centre of eflfort of the sails depends, may be divested of some 

obscurity. 

Now when, by the action of the wind on the sails, motion 
is communicated to a vessel from a state of rest, at first the' 
effort of the wind on the sails is much greater than that of the 
water on the hull ; and, by the effect of the excess, the velocity 
of the vessel is accelerated ; but the velocity with which the 
wind acts on the sails is diminished in proportion as the ve- 
locity of the vessel is increased ; therefore, also, the force with 
which it acts on them is gradually lessened ; but as the velocity 
of the vessel increases, the resistance the water opposes to its 
motion is also increased ; consequently the two forces, the 
effort of the wind on the sails, and the resistance of the water 
on the hull^ will ultimately become equal to each other ; and as 
they act in opposite directions, the vessel will, by the laws of 
motion, continue to move uniformly in the direction of its 
course, with the last acquired velocity ; and this velocity will 
be in proportion to the moving force, that is, to the force of 
the wind and the area of sail exposed to its action ; or, if the 
force of the wind be supposed constant, will be in proportion to 
the area of the sail. 

- From what has been before said, it is evident that the mo- 
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' tnent of sail nmsi be in proportion to the stability of the ship ; 
and since the velocity will he ui propoitiou to the area of saU 
exposed to Uio adton of the wind, the height of the centre of 
'«Anrt of the Mtil riiMld be.deteriniiiMl Irani. the contidmliiMi 
^ aiKiiiMi^ tW greftteslyefectiTe ^am of^tail ^olinvlwhiilllfc 

BouL^iier^ from reasonine: on the facts \s hich have hvvn ex- 
plained, (that when a ship ban acquired aii uniform velocity in 
direction, the aedooof tiie'wiiichoni(}|ietttaib^'tOfpfO|^4itr 
in that directiou>^iieeomeflt e^ial to^ «berfeafltRtticeiiiii|MMtp4i^ 
")lfer^(Aiblf %f iMsf watery aiM}, that rtbe^tnoinirat «l;Cihe«iil^^ 

ance. calculated i'rojii the centre of !^ravii\ , or of rotation, that 
iij, the iiioiiieiit of IjydrodyiKiiuit al siabiiity, subtracted froin the 
inometit of the actidn of the wind ou^tbe sails, estimated from 

<llf(^ Mtfie ' 1^ the^'foree ,by! whicl»9tlt6i ship^ItT^^ 

clined^) conceived the idea that' tiM '^dbi of w ^wract ttet^jli^te 

"iio ti^>o««d'fihat sh^iliould itiaifltaiittHe iAtfe wnntieil poMon 

whcii ijiiflor sail as whvw nt anchor. This he pr<iposf«d tr» cfFcct 
by adjusting tlic sail in i>uch a manner that its centre cd e^iof t 
'should l>e situated ina^ 'pomt^ which he has named the ''point 
^tJie^ij^/^ and whidh he:de8cril»e8 aaibeing sttciy tliat»i«ihiHBihi£ 
^'eiMette (If efl^ of tha^MOs coined 

ment of the force of the wind to incline tlie«h^»'wiH be wholly 

destroyed bv the moment of hv(h-odvn anneal stabilitv. But 

V •■ • 

such an arrangenieiit uf the sail in not practically applicable 
^ the eases in which- the direelaon of the action oi^^iWiMBeei^f 
r€he vAilA h obKtpie ttothtfl o£*the.c«ibM> o£t^fae:medr»te» 
i<fl«tb'4he «inall proportiolitirldch therbteaMviltfiaM^ 

to her length, the moment of hydrodynamica! 'Stability will, 
under tliese circnmstanceR, he le*^?? tlian when the chrections of 
the wind and of the ship's course coiapide; while tiie resuita]p^f 
'^thttfffnrt of the wmdw^r aeCat^lMailB height abaife lhn iiaiie 

*^*^tmH^f0S^eneiftWmf^^ hydrodynamiealalaMliljiWi. 

not, consistently will 1 other circumstances, be made to destroy 
the whole of tlie effort of the wind to iucliue the ship, care shonid 
taken that these two forces'' should be so proportioned to 

<M(iR9h ^ther, ihatJa anfficieiit 'ipoinent of Uytkofi^ical «ty%bi&y 

^ay be acqidMNl^ tvMbill^tOO-^ 
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to resist the excess of the moment of the vnnd on the siult 
over the moment of hydrodynamical stability. 

But when the direction of the wind coincides with that of the 

course of the vessel, it is of great importance that the change 
from a state of rest to one of motion, or rather, from one ve- 
locity to another, should be performed without any longitudi- 
nal inclination towards either extremity, and that the vessel 
should preserve that scat in the water which has been deter- 
mined as most advantageous with reference to the longitudi- 
nal position of the centre of effort of the sails. 

The course of reasoning which Bouguer has pursued to de- 
termine the position of this point, involves suppositions which 
are at variance with the facts attendant on a vessel's motion 
through the water ; and, therefore, the conclusion at which he 
arrives is erroneous ; still, as an elucidation of the principle, 
his method may be advantageously explained. 
*- He supposes DH (Fig. 42,) to he the direction of the re- 
sultant of the direct and vertical resistances experienced by 
the fore part of the vessel, A E F B, moving in the direction 
AB ; and the line S K to be the direction of the resultant of 
the whole force of the wind acting on the sails ; let it meet 
D H in N 5 now, since when the ship has acquired an uniform 
velocity, the forces which oppose the motion are equal to those 
which produce it ; and as these forces act horizontally, and 
destroy each other, the forces which remain must be vertical. 
Take N R and N P to represent, in quantity and direction, the 
force of the water on the hows, and of tiie wind on the sails; 
then complete the parallelogram N RTP, and join N T; NT will 
represent, in quantity and direction, the force remaining after 
I those parts of the forces, N R and N P, which are equal and 
opposite, are destroyed ; and, therefore, N T will act in a ver- 
tical direction, to lift the ship. But though this will be the di- 
rection of the action of N T on the vessel, its effect may also 
be to produce a rotary motion round her centre of gravity. 
This will depend on the position of the point N, the in- 
tersection of SK and DH. If we suppose the direction DH 
to be constant in position, and S K to vary according to the 
height of the sails, we shall see that when the masts and sails 
are high, the direction JSK will cut the direction D H iit: a 
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point near the stern and, therefore, the action of the force 
N T taking place so near one extremity of the vessel, and on 
one side of the centre of gravity, will tend to immerse the ex«»» 
tremity on the opposite side of that point : on the contrary, if 
the masts and sails are low, the direction S K will intersect the 
direction D H more towards the bows of the ship ; and the 
action of N T, being before the centre of gravity, will raise the 
fore and immerse the after part ; and this inclination will con- 
tinue, until the force which causes it, is destroyed by the mo- 
ment of the hydrostatical stability generated by the inclination. 
From this, Bouguer concludes, that it is only when the masting 
is of such a height that the direction S K intersects D H at a 
point at some mean distance between the bows and stern, and 
at which neither of these effects will be produced, that the ship 
will have no tendency to longitudinal oscillation, and the only 
effect of the force N T will be to lessen the part of the ship 
which is immersed in the water when she is at rest ; and this 
point he has called the point velique." Bouguer determines 
• the position of this point velique " in the following manner : — 
From r, the centre of gravity of the load water section, as being 
nearly coincident with the centre of gravity of the lamina, 
AB 6 a, of the vessel which is lifted by the action of the force 
N T, the vertical line V T is drawn ; and the point N, in which 
it intersects the direction of the resultant of the resistance of 
the water to the bows, will be the point through which the 
horizontal line S K, representing the direction of the action of 
the wind on the sails, should pass, in order that the ship may 
move in the direction of itt* course without depression of either 
extremity. In order to prove that this will be the case, he 
supposes the displacement, A B F E, of the ship, to be made up 
of the two homogeneous parts ABA a, and a^FE; and there- 
fore, when the ship is only subjected to the vertical pressure 
upwards of the fluid, these parts will have their common cen- 
tre of gravity, which will be the centre of gravity of the dis- 
placement, in the same vertical plane with the centre of gravity 
of the ship. The horizontal distances of r and Wy the centres 
of gravity of the homogeneous parts, AB Art and aA FE, from 
the vertical section in which the centres of gr«ivity of the ship 
and of the displacement are, will be inversely as those par^i 
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hut when, hy the action of the force N T at r, the displacement 
is diminished by the quantity ABb a, the vertical pressure up- 
wards will he diminished hy that same (|uantity, and will act 
at w, the centre of gravity of the new displacement a A F E, 
with a force equal to abF E; therefore the forces being in-' 
versely proportionate to the distances of their action from the 
common centre of gravity of the ship, and both acting up- 
wards, in a vertical direction, will maintain the ship in equi-^ 
librio round that centre of gravity. ^ 

• This reasoning of Bouguer on the position of the point N, is 
incorrect in its application to practice. It depends on the 
supposed fact, that when, by the force of the wind, motion is' 
communicated to the vessel, she will rise in the water from the 
effect of the action of the force N T, and the water line A B 
will become a b ; the displacement being diminished by the 
quantity W\ ab. It is not enough to satisfy the conditions of 
Bougiier's reasoning, that N T should exert an effort at r equal 
to diminishing the displacement by the quantity ABA o ; for,' 
unless the diminution of the displacement actually takes place, 
the position of its centre of gravity cannot be affected in the 
manner assumed in the reasoning, but will continue in the ver-* 
tical section passing through the centre of gravity of the ship ; 
and then, by the action of the force N T at r, the ship will re- 
volve round the centre of gravity until, by the motion of the 
centre of gravity of the displacement, incidental to the revolu- 
tion, a moment of hydrostatical stability is generated equal 
to the moment of N T to incline the ship. Now it is proved^ 
from experiment, as has been shown in Articles 16 and 20,' 
Vol. 1, that the displacement is actually greater when a ship is 
in motion than when she is at rest; therefore, reasoning on 
the supposition of its diminution is inapplicable to practice.-. 
There would be an alteration in the position of the centre of 
gravity of the displacement, resulting from this increase, which 
might either act in opposition to, or with, the effect of NT, to 
incline the ship, according to the relative form of the body 
above the original water line. 

• But it is evident that the principal error made by Bouguer, 
throughout the investigation of the position of his ^^jrnnt 
vc/if/uc," is, thut.it is conducted witli reference pnly to the re- 
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suitant of the positive resrstances which the vessel experiencbs, 
instead of to the resultant of both positive and negative resist- 
ances. Chapman, while he adopts Bougiier*s views on the ex- 
istence of some limit to the situation of the centre of effort of 
the sails above the centre of gravity of the ship, has avoided 
this error, and has investigated its position from the data of the 
total resistance experienced by the ship : he first determines 
the quantity and direction of the mean resultant of both the 
positive and negative resistances of the water; then, since the 
force of the wind must be equal to the resistance of the water 
opposed to it, if the directions of the resultants of these two 
forces were exactly opposed to each other, their moments, esti- 
mated from the centre of gravity of the ship, would be equal ; 
and, consequently, the force of the wind would have no effect 
in making the ship revolve round its centre of gravity ; there- 
fore, if the surface of the sail was perpendicular to the result- 
ant of the direct and vertical resistances experienced by the 
ship, there would be no limit, arising from these considerations, 
to the height at which the centre of effort of the sails might be 
placed ; for whatever might be its position in the line of direc- 
tion of the resultant of the resistances of the water, the moments,' 
estimated from the centre of gravity of the ship, would be con- 
stantly equal, since the perpendicular distance between that 
point and the directions of the actions of the forceswould remain 
constant, however the force of the wind, an^^, consequently,' 
the resistance of the water, might l)e increased or diminished. 
But since the directions of the wind, and of the course of the 
vessel, are both horizontal, and the sails are placed nearly at 
right angles to the horizon, the action of the force of the wind, 
and its moment round the centre of gravity of the ship, to 
counteract the moment of the resistance of the water, must be 
estimated in a horizontal direction; and, consequently, the 
height of the centre of effort of the wind on the sails, must be 
measured on a vertical line drawn from the centre of gravity of 
the ship, and must be such, that the horizontal moment of the 
wind, shall be equal to its moment, estimated under the suppo- 
sition that its action is in a direction opposed to that of the re- 
sultant of the resistances of the water, it will then have no 
tendency to depress either extremity of the vessel. > 
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Chapman's investigation is as follows. Suppose D F and £ 
(Fig. 44,) to represent, respectively, both in quantity and direction, 
the resultants of the direct and vertical resistances against the fore 
and after parts of the vessel, produce D F and CE to intersect 
each other in B ; then on D B produced, take B V = D F, and 
on B C take BI = E C, complete the parallelogram VBIH, 
and B H will represent, in quantity and direction, the resultant 
of the whole of the direct and vertical resistances against the^ 
fore and after parts of the ship ; and B H, multiplied into G M, 
G M being drawn from the centre of gravity G of the ship, per-^ 
pendicular to B H produced, will represent its moment to make..* 
the ship revolve round its centre of gravity. The centre o^. 
effort of the sails must therefore be at such a height that the- 
moment of the wind, estimated from the centre of gravity o^. 
the ship, may be equal to this moment. If HM represent^, 
the line of direction of the effort of the wind on the sails, th^i 
force of the wind, acting in that direction, will be represented- 
in quantity by H B ; but as the action of the wind is horizon- 
tal, and is equal to the horizontal effort of the water, if B H bet. 
resolved into BN and NH, then BN represents, in quantityr 
and direction, the horizontal resistance of the water, and NB^! 
in the same manner, represents the horizontal effort of the 
wind; and if GO be drawn from G, perpendicular to the ho^; 
rizon, meeting HB in O, we have, from similar triangles^ 
HBNand OGM, NB x GO=:HB x GM; that is, O, the . 
point in which a vertical line, passing through the centre of 
gravity of the ship, intersects the direction of the resultant of the ' 
resistances of the water against the fore and after parts of the 
ship, is the correct height at which the centre of effort of the 
sails should be placed, that the ship's horizontal water line^ 
when she has acquired an uniform velocity, may not be affectet^. 
by any change in the force of the wind. »; 
r This point O does not fulfil the conditions of Bouguer's point 
of sail, as it only determines the position of the centre of effort^ 
of the sail, as to height above the centre of gravity of the ship 5 • 
for the moment of sail acting in a horizontal direction esti- 
mated above that centre of gravity, will be the same at what- 
ever point in a horizontal line, passing through O, the centre of 
effort may be placed therefore this point O imf be inore prp^ 

\ 

I 



|MAy udM IM Mghi of ^lia «wf pMunmi^kpimot 

l#>rCof the lailt in a horlsahtaliifie tt'lliis.Kel||hk^ wiS 

depend on th^ considerations explained la the article which was 
referred to at the begimting of this paper. It may therefore 
4iffer very miiimderably from that delentiined bjr Bongmv Mt 
Mlyi iir1lsi«ettM« bilft Mike: poMoa* , .'r )o 
'^'^Aioiitlik inv^^^tioaf of Ckspmaii'i^ It emdeatfy appears^ 
that unless B H coincides with N B ; that is, unless the resuU 
taut of the re8istanceii of the water is hoi^zontal, there will 
a §ottse N H or ii N, acting in a vertical d»ection, either npt 
wia^w dtMfitwM^ at the atntm 6f fgrMty of th« akip, 
<M«ding alitlM pdsiiilr^ tMr negBtlfO vertitat itsimM^a MeM 
l^fi^fifr, fbi thkr intf a«ting in a wrtieal ^f^ntukm^ «ann6t hi 
(in ivcd frdtii the direct resistances, which act horizontally | 
and since the whole fore-? of the wind acts in a horizontal di# 
Mtiai^ '4iii4'1t 4t8*riPftik^bytht horizontal eflbrt of the wttMii 
iia<^fM:^*l^ ttat^llbiiieiQair te Mployed m a witeal ^mttkm 
aflbelNtt^lie^lion of HN^or NHf thit Im^ivW thefefort 
act to increase or diminish the displacement of the ship when 
in motion, accordingly as the negative or positive vertical 
resisuaceavftieslbe greater^ that isi the quantity by wbicli^he 
^iMMlinit'vwilfitlMiiiw by tiif dimitMrtimi t>f lh»f«tf 
ikalfiMiimiip«rail%^ M to ihi a€ Ih4 v^iti^ 

will be diminished by the action of the force N H ^ but unleM 
N H is L;ieiiter than the dimituition of the vertical pressure 
i^^ardi» it will have, no. effect on the positicHi of the centre of 
.gvaiHly (bf/iha difl|ilacement and, therefore^ none oil the longip 
inotinrtOim^'df itl»^4liip. Tbt iutt HN» 9i^thg im 
eonjunettioii #itk t]l» i[fiminiitloir of tho Teflical pmswi ufi* 
wards, will affect the position of the centre of gravity of the 
displacement, iu the same maimer as that affects it, that ia^ 
dependent on the relative form of the body abovQ thfi wMQb 
3!b^ff*fiMy iiiiiUa o«M| liia alii|i diay h$iHt • rtight t e a dt tt o y t# 
ju^gitMlirtiil m i\hxkm, even though the eantM 0^ efcit ol Iha 

sails is placed at the height of sail, a& determined by Chapman | 
but thiii will iiot affoct the correctness of Chapman^s priaciple ; 
;audiftiahip may bcAasily constructed with such a form at ttie 
t|«rtijalioiilj;lhQ »urfa9tt? ol Ilia wat»r, that tUs inaoQiiieMmtt 
will not occur. .It-^ / vii; i^j -nhoh f 
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1 Now, if we sufipose B V and B 1 to be given in position, the 
Ibrce N H, or H N, will depend, in quantity and direction, on 
the proportion between R V and Bl^ that is, on the proportkiii 
•f i>F to EC, and BV;B1 :: me HBi:aiM VBUV 

of the resultant of die wsler' is hortmitBl, the loret N H, or 
HN, vanishes, therefore, if we suppose H B to coincide mth 
BN, then HB is parallel to C D ; and the angle VBH .will 
he equal to the angle B D C ; and the angle B G D will eqiml 
the atigle HB€»V HB. Nov VH : V B : :i vt^^'im ir 
•in. VHBt: «in. BDCtsin. BCD:: B C : B-BfT ancMinee 
VH=BI«EC and B V=DF; EC : DF :: sin, BDC : sin. 
BCD, consequently we have, that the positive and negative 
vertical resistances are equal to one another, and the direction 
of the leaiillant of the resistances of the wftl#v~k-4MnnMi«i» 
fHien the resultant of the direct and vertical itoi i tences ieftjiie 
water on the bows of the vessel, is to the resultant of the direct 
and vertical resistances on the stern, inversely as the angles 
which the directions of these resultants make wi€lr« liOf&Milli 

line* * j\ih*tTTiU 

*^ The extremities of a vessel of the usual ferm^'^may, MMIfe 

purpose of determining the proportion between the direct and 
vertical resistances whicli they experience, be considered as 
planes moving obliquely in a fluid, and consequ^itly^ithe pio- 
|ibftioiis between the direct and vertical wtktmkmi^'^idlt^' 
jpend on the angle of tnclinalaon, whieh these iiiimilltih iiiiHni 
inth the direction of tlie vessel** motion, that is, with a hori^ 
zontal line J and the sum of the direct resistances on either ex- 
tremity, will be to the sum of Uie vertical, as the sine to the 
cosine, of the angle of inclination, consequently 
•ncKmtioiis of the how and stem to a horifeoiital^llii»jiii|kMi 
ancAianged, tins proportion between the direct' antf*4Mrill 
resistances eKperienced by those parts, respectively, that isj die 
proportion of J ) K to KF, and of LC to E L, will be invariable ; 
aAd therefore, as far as these considerations are involfod| nlhe 

directions of the resultants D F and BC, will nlii i niillfiliii, 

"whatever alteration miay take plaee in their relative propoiyoii 
to each otfier, arising from any increase or dimiuMtJon in th^ 
velocity of the vessel. . :..vfj 



Digitized by Google 



•>vrSaW!6, when the direction of the resultant of tlie water is 
liorizmital, EC ; DP :: aiii.BDC 1 BMbBCD, then BC.sM. 
AX;.D»D F.ala* BDCf aav itt w sMppoM.the pfapurtktfi 
^ DFloBC to ht «lterady m that B Cain. BCD will be 

greater than D F.sia. \^DC, that is, let us suppose the COlft* 
parative propurtion of D F to EC to be increased. 
v.>/Pmdiice D V to P, and make BP to B I iu the increased 
proporlm oCX^F to BC^ con^plaU the piraUbk^pMl l^P^ai^ 
«Bd:aiwihe4liiigoDalBQ»BQvmi^^ «|f 
the resultant of tlie Mistaim of the w«ter, after tlie alteii^itioai 
of the proportion between DF and EC. - ' ? ; t 

Produce Q B to then theangie PBQsthe angle DBS, and 
BP kpmllel to I the angle P B Q is equal to the angle 
JiikiB^ land .thej aqgle IHB is gieaier than the aagle.lQBv 
fe«Mc^ueitU|r» the^'.aagle DBM, which is equal to the atigle 
IHB, is greater than the angle IQB; that is, the angle 
D B ^1 is greater than the angle DBS, and S, the point in 
^Jtvhicli^tlie direction QB cuts the vertical line GO, will be 
-wilihitij or bdaw the point O; theieiDfeGS wili be less thm 
/GO. JfBC^ thatis^rBIy had been iaenased in. proportion 
to D F or B 6) the pmt 8 wiwid, m die same mnner, /hate 
been found to be abov e the point O. Consequently, from this 
we may deduce the fuiiowiug general proposition : that, as the 
proportion which the resultant of Uie direct and vertical re^ 
Mtanes on the bows of a Tssasly baara to the fcsoltant of 
ttfaase lenstaaeea on the steni> is greater than the proportion 
which the sine of the angle made by the resultant of the after 
resistances, with a horizontal line, bears to the sine of the angle 
made by the resultant of the tore resistances with a horizontal 
,liM|y the height of sail wiU be diminished^ and as this psapeife 
.^iss^dindakhed^ ;tbe>ighfc e^ New 
when D F is infinite In comparison with B that is, when the 
negative resistances vanish, BQ will coincide with BP, and 
the height of sail will be at W, the point in which the vertical 
^line^ dipwn from the centre of gravity of the ship^ will iaterw 
aeal the direction o£ the ^lesnltanli of. tlie posiltve resistanM. 
Bat if BF vaoishee.ufc.iGompanson.with BC» BQ wiil coincide 
with B I, and the height of sail will be at R, the point in 
/Which the verticai Uue^ dmwn from the ceutte of giaidtyi tutcfp 
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sects the line B C. Consequently, the points R'and W will be 
the limits between which the |)osition of the height of sail must 
ibe situated. The directions of the resultants of the resistances 
-on the bow and stern being known, the position of this point 
•within these limits, will depend upon the velocity of the ship, in 
as far as that velocity affects the proportion between these re- 
sultants. And since the negative resistance depends on the 
.degree of vacuum which the vessel creates by the velocity of its 
passage through the water, it will evidently be very inconsider- 
lable, as long as that velocity continues small ; in fact, this is 
found to be the case experimentally, as is also, that after cer- 
?tain limits, this negative resistance increases in a greater ratio 
than the velocity, we may therefore draw the general condu- 
ction, that the less the velocity of the ship is, the nearer will the 
•height of sail approximate to that of its lowest limit ; and, on 
-the ccmtrary, the greater the velocity of the ship, the higher 
will this point be situated. But as we are not yet sufficiently 
'acquainted with the laws of the motion of fluids, to determine 
the ratio of the increase or decrease of the positive and nega- 
tive resistances experienced by bodies in their passage through 
the water, we cannot ascertain how near the ultimate position 
of the height of sail, with the greatest velocity which the vessel 
•can acquire, will approximate to the limit which has been as- 
signed to it. ^r. 1 :M-tf. • ih t?'< r 

i . One circumstance which may affect the height of sail remains 
to be noticed, this is, the deviation of the apparent water line of 
the ship when in motion, from its horizontal water line, occa- 
sioned by the accumulation of fluid at the fore part of the ship, 
and the depression at the after part, which is incidental to the 
motion of a body on a fluid, this, of course, will vary in degree, 
'in proportion to the velocity of the ship ; now if this addition 
to one, and diminution of the other, of the resisting <surfaces 
alters the proportions between their respective vertical and di- 
irect resistances, the directions of the resultants of the resist- 
ances on these surfaces, which depend on these proportions, 
will also be altered. If the extremities of the vessel were 
•formed by plane surfaces, neither the accumulation or the de- 
pression would alter the directions of the resultants of the resist- 
ances I since the angles of incidence would be the same for every 
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part of the surfaces, hot as the extremities of the resse! are 
curved surfaces, the effect produced on the direction of the re- 
sultants of their respective resistaticcs^ wUl depend on fhe rela- 
tive inclination to the horizon of die curve of tllMt part Hie 
body^ heneath the horizontal water line, and of llie pMHiMit 
or below that water line, which will be affected by the accumu- 
lation and depression. Since the lower parts of the vessel^s 
'body, both forward and abaffc, are those which are generally 
'Inost inclined to the hoiixon^ it Is jprobaUe that the direetSali Hf 
<liie resultant of the fvsfstanbfe^ 6n l^etidwa, is lowered iny ikm 
accumulation of the water against them, and that the resultant 
of the resistances to the stern, is rather raised by the depression 
of the water at that part 5 at the same time it must also be ob- 
served; that by the effect of the aceumulatlony the centre of 
'^ffbit^ at which the resultant of the rerfstanc^ s^aj^a i fat tiie hofm 
acta/ will be raised ; while, by the effect of the depression, that 
^Of the stern will be lowered. ■ ♦ -^^^'f *'* 

The position of this point will determine the height above 
the centre of graiaty of the ship, at which the common centl^ 
of effort of fS&e suls should be placed, nqt only when the dbee- 
'lions of the wind and of the ship's course coincide whli eaeh 
other, but also, wliatever may be the direction of the ship's 
course with regard to that of the wind ; for under all circum- 
stances, that portion of the force of the wind which acts in 
'propelling the ship in the lUrection of her course, will be si^ 
ject to the same laws which govern the action of ttm iAni/k 
%rce of the whid, when it acts In that dii'ectSon.^ ^^^ h .^7/ 
' ' ft Is also evident, that it is not only necessary that the centre 
of effort of the surface of those sails which are usually set, and 
^fbr which the position of the height of sail is generally 1^ 
commended to be estimated, shonM co h icide with fiiis -point*; 
but also, that when additions are made to the tpmntity of sail 
set, care should be taken to preserve the common centre of 
effort of the whole surface, as nearly at the same height above 
^the centrerof gravity of the ship as is possible. ^ ^ wJat 

^ It is fre4neiicl|r^obs«rved, that a ship's velocity dote ii^lf ftf- 
45reas6 or decittine in proportion to the additional qnantlljf i»f 
sail set or taken in. It is evident, from the principles which 
have been explained, tliat these apparent anomalies must arise 
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from Ihe inal-p9sUi<Mi of the centre of effort of the sail^ and 
.HI fiwty it M «m poMiUe that the velocity of a abip may be 
dceraaeed by the addition, and increased by the diminntion of 

sail, if the centre of effort is improperly placed. Tliat this may 
be more evident, suppose A H (Fig. 43) to be the water line of 
a ihi|V when the centre of effort of the sails is situated at tlie 
can«Qt hf^bt oifmiGF^ then suppose the d^i9s^iiii ff ;^ 
•aik to jbt s^ altcied that their centre of effort co^ide^ ^^l^^ 
a point situated abore the point and let a = the ioree 
of the wind on the sails, both before and after the alteration, 
jU moment to turn the ship round its centre of -gii^vtty when 
.{tf action taluBS place at the point E, will be equal tofii^^J^Q^ 
«d this fbica will be opposed by the horisojptfal; i^rat^u^ 
. tba wattr^ also s Oy acting at the distance FQ fiionilhe«oentre 
of gravity G, therefore a. EG — a.FG = a.EF, will be the 
force exerted by the wind to make the ship revolve round G, its 
centre of gravity, and immerse the bows ; and *^f^ j'J^^iifflf h!P 
yjfUk continue firm the effect of this actioujr unyi} Jj||^iflpij|]jji|l ni 
Iiyd99staticai stability, which it will geneiatet^bf^<^ieay,fv^ 
cient to couoCeraet it.' It should here be observed, that by the 
difference which the inclination of the ship will make in the 
iMigfes of incidence of the water on th^ J^c^8,^|i|^ j^rn, the 
height of sail,.after the inclination^ y^jjififff^^g^^j^ 
.Qot coiacida with F, but the alteration ffofn Xhj^,^r 

cuDUtanee in the position of this point, u^^de)|en^jlfi^J^ 
-torra of the vessel's body. 

When the force c.EF is destroyed, suppose the water 
line to coincide with CD, then from G draw GH, making with 

tbe ai«le£Gil ^ual to the aqgle of 
tiilke QDssQE^ than H will be the posi^ticit pC,.4|M)|j^tre of 
^ort E, of the sail, after the inclination, and'GH will repre- 
sent the inclination of the plane of the sails to the horizon, they 
^aiguig been supposed to be vertical before the incJL^i^^tij^ . Now 
kom H9 draw HM, horizontal, and take MH,;to |f|p^S|^ 
whole force of the wiud,acting i^,that.dur^tio;i^atjf^^|KHO^ 
and F; then from M, draw RIL perpendicular to GH; and 
from L draw LK perpendicular to I\IH; MK will represent 
the horizontal force of the wind acting to propel the ship in the 
dinf^ctipn^of iia iH^iief.wbau the centre of ei^rt of the a9i)9^^js 
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•t fi. ' Sinoe 'MH repmesiUthe quantity of tlus force when 
the centre of effort of the suls is at the true height of muI 

KH will represent that part of the force wliicli is lost by the 
mal-position of tlie centre of effort ; and KH equals the versed 
sine of the angle of inclination, to a radius equal to the 
, whole force of the wmd : therefore^ if the removal of the cen- 
tre of effof t from its correct pomtion at the hdght had been 
aceomplished by an addition to the quantity of sail set, instead 
of by an alteration in their disposition, unless the increase of 
MH, the force of the wind, arising from the increase in the area 
of sail sety is greater than KH, the versed sine of the inclination 
to the radius MH^ and which represents the force lost; the 
velocity must he diminished, instead of being increased, by the 
addition to the force of the wind ; since its effective force 
propel the ship, would be diminished by a quantity equal to the 
difference between the versed sine of inclination and the in- 
crease of the whole force of the wind. Now suppose, that by 
themal-position of the centreof ^ort^atE^the ship is inclined, ao 
that G H is the plane of the sails, it is evident that the quantity 
of sail may be reduced, until the force of the wind is diminished 
by a ([uantity equal to the versed sine of inclination, without 
diminishing the velocity 5 if, by this reduction in the quantity of 
sail, the centre of efibrt is removed to its correct position at 
This reasoning shows, that in a ship having the centre of effort 
placed tdo high above the centre of gravity, the disadvantage 
of &uch an adjustment may be lessened by raking the masts, 
since by that means the loss in the force of the wind may be 
avoided. 

When the centre of effort is above the height of sail, the 
velocity of the 'ship will be subject to further decrease from the 
increase of resistance, which will result firom the immersion of 

the full parts of the body forward, and the consequently greater 
area of midship section. Also, in the ca-se which has been sup- 
posed, of the plane of the sails being vertical before the coos- 
mencement of the action of the wind, when the longitudinal 
inclinatfon B 6 H takes place, a part of the action of the fonse 
K L will act to increase the displacement, and- consequently 
the resistance. This disadvantage may also be dinunislied by 
raking the masts. ; • ; 
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There an o^ercireainataiiees arlsiii^ out of llie longitiidiD^ 
in^nstimi of tlie ship canMd hj the esecas of the momeiit of 

the wind on the sails, over the moment of hydrodynamleil- ate* 
bilitVi Av hicli are dibadvaiiUii^eniis to the good pi rperties of the 
ahip. The equilibrium which ensues between the cxccais uf the 

* moment of the wind^ and the moment of h\ drostatical stability, 
nUch has been described as befaig generated by the in^iiiitdodl, 
wlD not be stable : as etery increase or decrease in t tel jir ie hf 
the wind, will cause an increase or decrease ?n the moiliint ^ 
staljilit\-, u'hich must be obtained by a Lon\ -[loinlinaf chans^ in 
the inclination; therefore a ship in which the centre oi eilort in 
planed above the true height of sailj will be subject to an altera- 

' tim in herwaterluie at every change in the force of ttieivind; 

* and it will, owing to dns drenmstance, not only be unposaftle 
to adjust the loiigitudiiial position of the centre of effort to any 
fixed trim of the ship which mav have Weu li uml to \)c ativan- 
iS^eous ; but it will be equally impossible to decermiue the best 
' loBgptndinal position for this point, after the ahip is* In a state 
' of motion, since her trim will be snbject to constant altenrtio^. 

If the centre of ellbrt, Instead of being supposed to be 
situated above the true height of sail, be considered to be be- 
low that point; the immersion will take place at tlie after ex- 
tremity of the ship, from the action of the excess of the moment 
of the resistance of the water. It must also be observed-tiiat 
there will be this difibrence m the two cases. When- 
eentie oiP eftrrt is above the height of sail, at evoy focrease In 
the force of the wind, the ship will, from the increased im- 
mersion of the bows, fly up to the wind. w hWc the effec% of the 
immersion of the after part will be to make her fali 9^! ' 

The ill effects which have been described as a#ndanton 
the mat-position of the centre of effi>rt of the saifa^ iHdk respeet 
to die height of sail; though they cannot be removed wMe 
'cause exists, and which may consist in the improper propor- 
tions of the masts and yards; may in some ca^cs be <linnnis}\ed, 
by an alteration in the disposition of the weights on board the 
ship. If instead of supposing the ship to incline, from the ae- 
tion of the force of the wind at the point E, we snppose'tlie 
eilbel of this force to produce the Inelination, to be eoontmeled 
by the removal of a weight b, from a point N, at the iuic 
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of the «hip, to another ppint O at the after part, then the ship 

will be maintained in a state of equilibrium by the action of the 
two equal forces a . K F and ^ . N O, and it will, therefore, move 
without lougi^udiQal inclination, as long as the force of the 
wind remains constant; but any alteration in that force, must be 
met by a corresponding alteration in the position of the weight i 
also, when from the action of the Water on the hull, the ship 
acquires an angular velocity, the angular momentum will be in« 
creased by that of these two forces \ which may both be con-t 
sldered as weights acting at their respective distances from the 
centre of gravity of the ship. It is therefore evident, that an 
errpr in the position of the centre of effort of the sails' cannof 
be remedied by any alteratlm in the disposition of the wel^ts 
iu the ship, except in peculiar cases of smooth ^vater: and, fur- 
ther, if the error is, that the centre of effort is abovf. the lieight of 
sail, the ship will labour under the disadvantage of a diminished 
fl^a of saii^ since the moment of sail must be in constant pio-' 
^rtiipn to the moment of stability : and, if the centre of efbrt 
is too low, the ship may not be able to obtdn all the advantage . 
of nioti\e power of which her stability would admit. 

It appears, therefore, that unless the ceiitre of effort of the 
sail is placed at tb^ height of sail, a ship, however good her 
former ml the properties connected with it, may be, and what- 
ever may be the cave bestowed to render those properties most 
efficient^ wUI labour under very serious disadvantages ; while, 
on the contrary, a correct adjustment of this element, and a 
knowledge of the priivciples on which that adjustment depends, 
will |4Aice it in the power of a commander, to draw a maximum 
of a4vimt^,&oii|[i the powers and properties of his vessel, since 
^ wilt^nnble iiim to ac(|uir^ the g^test possible efficient ac- 
tion from the motive power at his disposal. 

waa before said, the determination of the height of sail 
must be classed among those problems of naval architecture, 
which, labouring under the difficulties atteiuiant on the imperfect 
l(uewledge of fliiidsj^ cannot be attained by theory alone. 1% 
will now shiQwn tiiajt, by the aid of theory, sufficient deduc- 
tions may be made from experiment to remedy Its practical 
iusufficieucv. Througliout tins article the sails have been 
r^fVit ^d 00,, as if tUej w«re plane surfaces^ if this wer^ d)eca$c 
' 2 F 2 • 
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thdr centre of effort would coincide nvith their common centre 
of gravity ; but from the flexibility of the materials of which 

thev are made, the sails become, when acted upon by the force 
of the wind, curved surfaces ; however, from the whole suriace 
of sail with respect to height, being composed of several such 
anrfrices, |he error arising in practice from assuming the height 
of the coonmon centre of gravity of the whole surface, to be the 
height of the centre of effort, will be very inconsiderable; 
Therefore, hi practice the c cntrc of effort of the sails, may be 
represented with respect to height, by their common centre of 
gravity. 

Since we know^ from the principles which have been ex- 
pluned, that when tlie centre of effort of the sails is at the true 
height of sail, the trim of the ship will not be subjected to altera* 

tioii l)v any increase or diminution in the force of the wind: the 
height of sail for any trim may he determined by experiment, by 
first bringing the ship to that trim when she is at rest, and then 
adjusting the s^ls so that her water line when In motion may be 
parallel to this trim. This being admitted ; it is evident, that 
by proceeding on the principles explained in this paper, and in 
Art. 16, \ ol. 2, the maximum of advantage arising fit)m the 
correct position of the centre of effort of the sail may be en- 
sured, by first ascertaining, from experiment and observation, 
made with reference to the longitudinal position of the centre of 
effort, with respect to the centre of gravity of the ship, the most 
advantageous draught of water ; and then determining the cor- 
rect height of sail with respect-to that draught of water. 

The observations necessary to effect these objects, will of 
course require considerable patience and attention, but it must 
be considered, that they will not only enable a commander to 
derive the greatest possible advuitage from the means at his dis*' 
posa], but that they irill afford correct data for'perfecting those 
means. The following observations may suffice to explain the' 
principle which should be pursued. The draught ot w ater pre- 
vious to sailing should be observed ; and an instrument which 
will correctly measure the angle of inclination, should be fixed, 
with reference to this water line, that by means of it every 
deviaUon from Uiis trim may be exactly known. This is ren- 
dered absolutely necessary, because, when a ship is in motion,' 
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her correct tritn^ that is her horizontal water line, cannot be 
obaerred, in consequence of the accumulation and depression of 
the w^ter which is caused by the motion. In fact, any altera- 
tion made in the trim of the ship, or the sails, founded on ob- 
servations made with reference to the apparent water line, 
mi^ht be extremely hazardous, and certainly would not have the 
results expected, as this water line ciepends wholly on the cir- 
cumstances which are in immediate operation. Having the in- 
strument fixed, when the ship has acquired uniform velocity, 
observe the alteration which has taken place inliertrim; as, 
until tlie velocity is iinitbrni, the trim will be influenced bv the 
force wiiich accelerates the velocity, then if her longitudinal 
oscillations appear to be only influenced by the state of the sea, 
the centre of effort is correctly placed at the height of sail* 
Therefore, the height of the centre of gravity of the surface of 
sail set, will give the height of bail. But if at every change in 
the force of the wind, the vessel experiences a lonc^itudinal os- 
cillation ; observe by the instrument its nature and degree, and 
make such a change in the adjustment of the sails as the fore- 
going principles have sho^vn to be necessary, and when the ten- 
dency to longitudinal oscillation ceases, find the height of sail 
by calculating the height of the centre of gravity of the surface 
of sail. Ill this manner the correct height of sail for any trim 
ixkny be found ; while by observing at the same time> the com- 
parative qualities of the ship when at each of these trims, (after 
the height of sail is determined for it,) that trim of the ship 
and sails may be determined, from which a maximum of advan- 
tage may be derived of the inlieieiit good (qualities of the ship, 
as far as the perfection of the materiel will admit, that is, as 
far as the position and proportion of the masts, yards, and sails, 
are aidapted to the elements of the construction of the ship's 
body : while from knowing the best trim of the ship, and the 
true position of the centre of effort under the several circum- 
stances of wind and sea, the naval architect will he in posses- 
sion of sufficient data to make such alterations in the materiel 
as shall then ensure a maximum of advantage, with a maximum 
of the means* in fact, correct observations of this nature would 
go very far to remove much of the difficulty which theory^ iti 
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its appKcattoQ to some points in the practice of naval archi* 
tcctuie at present labours under. 

Sinee^ from the fact, that when the impulse of the wind acts 
at the height of sail, a ship has no angular motion round its 
centre of gravity^ the height of sail may, as has been shown^ 
he easily determined by experiment^ for any given vrzter Une| 
i| will be posnble to render this property available to the pur- 
pose of measuring the resistances experienced by bodies of 
various forms moving in a fluid ; and also, by means of a simple 
geometrical construction, of ascertaining what proportion of 
the resistances acts positively^ and what negatively ; and also 
the quantity of the positive and negative vertical resistances 
noting op the body : and this will be attended with the ad- 
vantage, that the method of applying the moving force in the 
experiment may be similar lo its actual application lu piacLice. 
This moving force may be obtained bv having a vertical plane 
surface, tit ted to move up and down a vertical mast, fixed in the 
bodyi H!ith which the experiment is to be made. The direct 
force of the wind on this board, with different velocities, may 
be determined experimentally; or, the force of the wind, with 
any velocity a helnij; known, its force, with any velocity via 
may be estimated. Ihe resistance, occasioned by the air on 
the fore side of the boards will render a correction necessary^ 
Weights may also be used as a motive power; to this some, 
difficulties would arise in practice, but none which could not 
be overcome by single mechanical expedients. However, it is 
only itiLended to show the application of the properties of the 
height of sail, to this purpose. 

Let A D C B, Fig. 45, be a vessel, the extremities of whicb^ 
A D and B C, are plane surfaces, inclined to the horizon at any 
given angles. Let GH be the mast, supposed to be at right 
angles to the surface of the water, that is, to the honzoa. Let 
fi be the correct height of sail ^ and let E F be a horizontal 
hue, intersecting theplaaes A D and B C in T and S* 

Then, since the angles of inclination of the planes. AO J|ndl 
BC, to the horizontal line £F^ are known, and as the pipppr- 
tion of the direct to the vertical resistance, on either plane, is 
as the sine to the Cosine of the angle ot inclination, tiie direc- 
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tlons of the resultants of these resistances are respectively given 
in position^ and will each be inclined to the hornoii at an' 
angle equal to that of the inchnation of the plane to whieh 
they belong. 

When the ship has acquired an uniform Telocity in the di* 

rection AB, the direction of the wind coinciding with A B, 
suppose the centre of effort of the sail to be situated at the 
correct height of sail, H ; then from H draw H F and H 
meeting the horizontal line B F in fi and F, and making, with 
GH, the angles OH F and G HE, respectively equal to the* 
complements of the angles of the inclination of the planes B 0 
and AD; then H F E and HEF will respectively equal the 
angles of inclination of the planes B C and A D; and there- 
fore F H and HE will represent the directions of the resultants 
of the re^iistances on them. 

' Now, from F or the greater, cut off'F M equal to E H* (he 

less; and from M draw MP perpendicular to EP. Then in' 
the triangle FPM, FP : PM :: cos. MFP : sin. M FP, 
and the angle MFP is equal to the angle BSF; therefore 
F P is to PM in the proportion of the direct resistance against 
the plane B C, to the vertical resistance against the same plane, 
Agaili,. OE:HO::cos.HEO:sin.HEO 

:: cos. ATE : sin. ATE; 
that is, O E is to H O, as the direct resistance on the plane 
A D is to the vertical resistance on the same plane. And since 
F M is equal to E H, F P is to OB as the direct resistance ' 
on BC is to the direct resistance on AD | and PM is to HO 
as the vertical resistance on B G Is to the vertical resistance on* 
AD. 

From H draw H K horizontal, and take K H to represent, in 
quantity and direction, the whole force of the wind to propel 
the ?hlp ; then divide K H in L, so that HL istoLKasFP 
ii to O E; then K L and LU will represent^ respectively, that 
part of the force of the wind which is destroyed hy the direct' 
resistances on A D and B C, and (i K and H L will represent 
those resistances. 

From L draw L N perpendicular to H K, to meet F H pro- 
duced in N J then, in the similar triangles, H L N and FPM, 

HLiLN ::fp: PM, 

thatifl,HL is toLN as the direct resbtance on BC h to the 
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vertical mistaaoe; but H L is equal to the direct retiataaee ; 

therefore LN will be equal to the vertical resistance. Now, 
from N draw N Q parallel to H K, and make N Q equal to 
L K, join QKj then, because N Q is equal and parallel to 
LK» QK must be parallel to LN. Produce QK to R, and 
make QR toLNasHOtoPM; that isi as the vertical re- 
sistance on A D is to the vertical resbtance on B and since 
LN equals the veitical resistance on BC, QR will be equal to 
the vertical resistance on A D, Join R H ; then H R will be 
the resultant of the resistance of the water on tlie planes B C 
and A D, Now, if the sur&ce of one extremity of the vessel, 
as AD, be altered to any form A V D, and, with the same ve- 
locity, the height of sail is found to be at A, from h draw 
h k horizontal, and take kh to K H as the force of the wind ob- 
served after the alteration to that observed before the altera- 
tion : then hk will be equal to the horizontal resistance of the 
water. Now, since the extremity B C of the vessel remains the 
same, and the velocity is supposed constant, the resistances on 
B C will remain unaltered ; therefore on A it take h I equal to 
H h, and fioiu / di aw / » perpendicular to hk and equal to LN. 

Also, since h k is equal to the whole horizontal effort of the 
water, and A / is equal to that which acts on the surface BC, 
i^will be equal to die direct negative resistance experienced 
by the surface AVD. 

Now, from O, on the horizontal line O E, set off a distance 
Oe such that Oc:OE::/X:;LK then from e, with a radius 
equal to F M or H E, describe a circle cutting O H in ; then 
Oe and A' O will represent, respectively, the durect and vertical 
resistances on the surface AVD, in the same proportion as O £ 
and HO represent the direct and vertical resistances on the 
. surface AD. 

Therefore, from n draw n q parallel to h k, and make n q 
equal to Ik; join gk, it will be parallel to /», and, therefore,^ 
vertical. Piroduce gk to r, and make gr to Q R as k'O is to 
HO, and gr will be the nejgative vertical resistance on AVD. 

In the same manner, if any other surface be substituted in- 
stead of AVD, the direct and vertical resistances experienced 
by It may be found ; and, on the same pnncijyle, the resistances 
on any stern AVD, being ascertained by the above method, al- 
terations may be ijiade in the form of the bows, and the resist- 
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ancet experienced after the alteradon, may be determined^ pro- 
vided the velocity of the ship remains constant. 

Since the resistances cannot be compared unless the veloci- 
ties are the same, an apj)arent difficulty arises from the uncer- 
tain nature of the motive power, if the impulse of the wind l>e 
used ; but this may be avoided^ by setting off the observed veloci- 
ties for each body, when acted upon by any various forces of the 
wind, as the absoissie of a curve, the ordinates of which will be the 
corresponding resistances determined by the method which has 
been exj)Iained : through the extremities of these ordinates aciirve 
may be; passed. In this manner the direct and vertical resist- 
ances observed, for each bow or stern experimented on, may be 
formed into curves, by means of which comparisons may be 
made of thevarious resistances experienced by the several bodies. 



Ak f . XXX. — Accmmt of the Trial of the Paddle-wheels fitted 
an hoard Jii$ Mqfesty*s Sh^ Galatea^ By Captain Napier, 
R.N,,C.B. 

Gentlemen, 

Thb following description of the paddle-wheels, fitted under 
my direction on board H« M. Ship Galatea, with' the trials which 

have been made with them, arc offered for insertion in your 
work. 

1 remain, &c« 

CuARUss .Napi«r, 

fj, M. Ship Galatea^ 
' Sjdthead, IQth June, lb29. 

The object which is intended to be obtained by the following 
ipethod of fitting a ship with paddle-wheels is to render tl^ 
strength of a ship's crew available in moving a ship in a calm. 
. The same paddle-wheel arms, including .the first lengths of 
cast-iron shaft on which they are hung, have been .fitted in the 
Galatea, that were taken out of the Active ; the rest of the 
machinery is new, to suit the difference between ap])l\ii!i:; tlie 
gowi^r of the .wn by wii)ches as Ixi the pri^seut instauce, and 
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]^ i dqM«m iDlHdll M In tiie fbftiUir thiito'M in th^ Acd^iu 
Each paddle*wheel tiottsiats of a casHfdn nave, ivith eight 
wrought-iron arms Utteil into it, to which wtt bolted the paddle- 
boards, forming a paddle-wheel of 13ft. Sin. extreme diameter. 
iVosete of paddle-boards were provided, the one 7ft. long by 2 ft. 
deep, and the other 6 ft. long by 2 ft. deep ; they admit of being 
shifted In or out from the centre upon the iron arms 6f the 
wheels. Rope stays, crossing each other and tightened by 
lanyards, extend from paddle-board to paddle-board, to unite' 
the strength of all the arms. Tlie paddle-wlieels can be readily 
unshipped from the shaft, and the arms from the nave. The 
nave and arms stand out dishing, Uie nave being" k few inches 
firom the ship's sides. The ftrst length of shiit esKMWt In boia^d] 
close under the main deck, a 4ittle before the Midh^liAtchWliyy' 
and is coiuiectcd bv a i?liding cou})ling box with a second length 
of ^haft which reaches to midships nnder the ladder way. Tlie 
machinery is very simple : a oast-iron spur-wheel, 3 ft. S in. 
diameter, hung upon the end of the shaf^ extends up the' 
ladder-way, and is worked by anothet spur-'wheel. 3 ft* in 
diameter, hung upon another cast-iron shaflt, extending hdH- 
zontally above the main deck, a suilicient distance towards the 
ship's sides for the application of a range of winches, fore and 
aft, just clear of the guns and of the hatchwap^ &c. A cast 
iron bevelled wheel of 3 iti diameter, on the end of this shaft, 
is worked by two bevelled pinions of 1 ft. 10 in. diameteir, fixed 
respectiyely, one on the end of the forward, the other on thfe 
end of the after, range of winches. The winches, which are 
I ft, 5 in. radius, are like the chain-pump winches, which, 
indeed, are used at the extremities ; there are on each side of 
the ship six forward and seven aft, from 7 to 9 feet in length, 
which on both sides admit of tiie application of 230 men. By 
the proportions of the cogged Wheels, about 2i revolutions of 
the winches give one revohition to the paddle-wheels. A sliding' 
coupling box is fitted in midships, for connecting or discon- 
necting the shafts of both sides, and two sliding coupling boxes 
aie also fitted between the first and second lengths of shafts,' 
By these means, the paddle-wheels can be worked connectedly 
or unconnected! y ; both wheels together, forwards or back- 
wards, or eitiier one forwards and the othp backwards, which. 
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is very advantageous in patting about. Both paddle-wheels calf 
abo worked by the wihchea on either sidei while the wiliches 
oh the other side are removed for lighting the guns. Lastly, 

either one or both paddle-wheels, by means of the outer 
coupling boxes^ can be easily disengaged from the motion of 
the Winches. *^ 

The whole of the machinery is so contrived, dft when not 
wanted, to be readily unshipped and stow6d away. 

llie first trial was made on the 15th May, when the Gahttea, 
stored and provisioned for four months, with 85 tons of water, 
clipped her moonn[^s off Common Hard half an hour before 
high water, the flood running nearly a knot against hrr. The 
Whole crew consisted of 190 working men, two-thirds of whom 
tnanned the winches, when the paddle-wheels made eleteit re* 
volutions tn a minute, her rate being two and- a half knots; 
For a short time, when passing the platform, the winches were 
manned by the whole of the crew, when her rate by lo^ was 
nearly three knots. When working with the two divisions of 
the crew, the third division spelled them every five minutes ^ 
the men Were not at all fatigued by their exertkmi. Hie 
paddle-boards used in this trial were the longer se^ of seveki 
feet in length. The lowest paddle during the revolution was 
just Itelow the surface of the water. When we hauled round 
the buoy of the spit, the wind freshening, the paddle-wheels 
were disconnected, and we made sail. The efiiciency of the 
paddle^beels was fidly proved by this tciaU ^ 

The second trial of the Galatea was made at Spithead,. to 
compare her speed, when propelled by the men at the winches, 
with the speed of the Briton^ when towed by boats. The 
Galatea had then received her powder on board, and had com- 
pleted her water to 109 urns. The Briton was towed by her 
own boats, those of the Pallas, and tw6 batges of the Galatea, 
in all 10 boats, with 125 men. Tlie Brfton was towed al the 
rate of 2 knots 2 fath., and the Galatea, with two-thirds of her 
working men, who in this trial were 193, her paddle-wheels 
making ten revolutions in a minute, beat her considerably ; 
and when the winches were manned by the whole of the men, 
the revolutions were increased to IS; and her speed to 3 knots, 
of 3 knots 2 fath., and she theft w^nt rottiid the Mion In fine 
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style, in returning to her anchorage. Though the Briton set 
hex jibs^ staysails, and spanker, she was still left behind. In 
thia trial, the Galatea had the 7 ft. paddles on one side, and the 
6 ft. paddles on the other, with the shafts unconnected, the 
upper edges of the lowest paddles hetng Immersed a few inches 
below the water's surface : the wheel of the 6 ft. paddles made 
half a revolution in a rijiiuitc more than the wheel witii the 7 ft. 
paddles, and perhaps had a trifling advantage observable at 
the helm. The speed of both ships was taken from the 
Briton. 

From the result of these trials, I consider that one watch 

will propel the Galatea two knots; two-thirds of the ship's 
company 24; and the w hole crew, with six weeks jjrovisions, so 
that the paddle-wheels could work with their full diameter, 
bam 3 knots to 3 knots 2 fath. ; and with the yrn establish- 
nient, at the rate of 4 knots. JSiven with the peace establish- 
ment, when stimulated with the desire of obtaining any parti- 
cular object, I have no doubt that the crew could work regu- 
larly at tlip wiiu hc's the greater part of the day ; and with the 
war establishment, that they could continue working for any 
required length of time. 



Art. XXXI. — Metliod of Ommumcatiny Orders from a Ship*s 
Deck io the To^^bif meme qfBpeakmff Py^ee. By Mr. W. 
Parsons. 

(TV tkt SdUws 9/ the Papert m Namt jMdUeture,) 

Gbntlbmen, 

From frequent conversations with officers of tlie Royal 
Navy, 1 understand that great difliculty is always experi- 
enced in blowing weather, in communicating orders from 
the deck of a ship to the men in the tops ; in such weather 
it is necessary that the men should be particularly attentive to 
the orders t;iv€ii, and prompt in execviiing them, but at this 
very linje it is impossible for tliem to hear what the orders are, 
thus causing great confusion and fiec^uently considerable dan- 
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ger. It U not improbable that many vesaeb may have been lost 
ftom this cause. 

To obviate these difficulties, I suggested to Capt. Charles 

Napier, the propriety of fitting a speaking pipe from the deck 
up the sides of the masts into the tops, which he very kindly 
gave me permission to try in the Galatea. This pipe is about 
one inch in diameter, made in lengths of twelve feet, of the 
thinnest sheet eopper, the seams soMefed together, and -the 
ends made to fit about two inches into each other, and left loose 
to work with the })Iay of the mast ; tw o straps of copper were 
soldered to each length, to fasten it to the mast; it was placed 
in the angle formed , by the mast ^ and side fish, which ooveia 
the heade of the screws in the inm hoops; it is thas -prateetei 
-from injury, and would not he perceived hf a casual observef* 
It runs straight up to the trestle-tree, where it forms a right 
angle, the horizontal arm being carried close under the trestle- 
tree to its alter end, where it forms another riu:ht angle, and is 
taken straight up through the top rim, on which it is turned all 
round ; a shifting modth-piece about three Ibet long is ttmdt 
to fit into it. The lower end is bent round the mast, and 
brought right abaft it at about five feet above the deck ; three 
shifting mouth-pieces, each three feet long, were fitted into the 
lower end, for the use of the officers. This pipe was fitted to 
the main mast, and on trial was found to answer periaody 
wen. 

I km about to make trial of the patent India rubber hoses 

for this purpose, and have no douljt uf their atiswering ; these 
hoses can be coiled up and stowed below in moderate weather, 
and when in use may be hung loose from the top rail to the 
debk ; the cost will be about the same as copper. 

It 'may sometimes be desirable to ghre orders to the men in 
the tops so as not to be heard by a vessel near at head, which 
can be readily done through these speaking pipes. 

I am, gentlemen, your humble servant. 

Parsons* ^ 



. 9bmgih of ik» Ortm iif m Sh^i^ <vf a F{ir€$ ffoj^ 

' :Iitattiitm|rt«i^«Pl^jr4tepli]Mc«li^^ 

••riy^lit f W Mi aipM tii i ei iv oui tlmUi W to «ibct tWs ^^mA hp 

th<we means which will require the least possible exerti<Mi on 
the part of the men ; !>ince one of the advantages proposed to 
bft fWMMKi i« Um linAgiiig an enemy's ship to ae^oii % M» l»y 

It is well known that men's physicai strength is not only in- 
CFeaned by habityal exerliuu, but that it takes its directioa 
4iftvak Ui0 iiiitur« of that exerlkioi UiefafiM%| when it is deaifed 
to proihm iciqitft firom fHWfr «f «ny partiewlat f l«f» lif 

-am are not tUMMed %o tke applicatioB of stvength required for 

the winch or the capstan, by far the moibt cuistomary labour to 
-theoi is that of puliing horizontally at a rope; au4 it n^^^ 
tberefore^ be inferred that they are capable of making eqvf^fif 

mmioS m m n t i Wbour* Api iMdda ke inqa^lid^^ 

tageou9 meana by wMch ^ force of thf ctew €&n be appli^ff 

•to propel a ship. 

The author of this pa^t is furt^ier conlBmed in ^is cqh^ 
^naion liy tbt ie«nlto of som cxfiertnieptft kmt^ as- 

duee a given effiwi} villi wioiia MdM>de applying tjhe 
strength of a man. The proportions between the labour at a 
winch and at a rope, pulled horizontally, wai- as 15 to 11 ; and, 
since the men employed iu the experiment were not laove ha- 
bituated to the one application of their labour than to the 
other, ibis difference, though great, must be a true measure of 
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the db»dvanta||« attendtnt on tlw hm of tho windi in eQB»> 
parifofi to that of a rope, pulled horizontally. 

All attempts to increase this motive power, by means of ma- 
chinery, in its transmission to the paddies, must be injianoiis, 
as an incYMse of power can only be attained by a saeriftce of 
time, and, cousequeiitiy, of irelooity ; while the efteet el a part 
of nqthre power will actually be' lost, from iti beinf employed 
to overcome the friction of the machinery. Therefore the best 
method of applying- the force of men pulling horizontally at a 
rope, to the paddies, will be that which is the most simple, 
which quality necessarily mvohes Ibe tether ailvaBlegie the 
•eevetal perls bein^ more easily repaiiad er nqplaced in the 
^ewisitof aeeident. 

The following method is proposed as combining these ad- 
vantages. A rigger, or barrel, should be attached to the inner 
end of the paddle-shaft, to receive two or three turns of an 
endless rope, the disengaged part of which should be led 
round the deck by means of leading blocks, and be of sofficient 
length to admit of the number of men being applied to it 
whose strength, exerted by pulling horizontally on this rope, 
may be requisite to communicate motion to the vessel. 

Figm 46 represents an athwartship section of the ship, with 
the rigger attached to the inner end of the paddlenihaft. 

Fig. 47 shows , the method in vhifih it ii proposed that the 
rigger shall work in the wiain halehway ; and Fig. 48 shows the 
plan of the paddte, paddle-shaft, and rigger; with the method 
of leading the endless rope over the rigger, and round the deck. 

The inner end of the shaft to each paddle-wheel may extend 
as far as the centre of the ship, that the paddles may, if neces* 
sary, be worked in connexion,^ as well as separately* By hav-> 
ing the rigger to work in the main hatchway, as shown in the 
drawing, the advantage is gained of having the rope to work 
either on the deck above or on that below the paddle-shaft, as 
may be found most convenient. 

The diameter of the rigger must be proportioned to tliat of* 
the paddle-wheels, that a sufficient velocity may be eommuni- 
cated % them, according to the power applied, with the men 
walking at the pace most usual to them, when in the act of 
pulling at a rope« lu order that thfi eudk$9 Yppe B|ay have suffi- 
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